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POL 10M Y ELI TIS 
SENIOB. THESIS 
Submitted by 
Millard E. Gump 
April 15, 1932 
FOLI()l;1YELITIS 
The time is la" summer, the last of dog days, and th$ night hot as II blazes." 
The weary doctor has just fallen asleep in the stirring breeze of a small fan which 
will drone, throughout the night. Bis face is relaxed in benign repose. The telephone 
jangles shrillingly and his features suddenly convulse in a frotast of outraged con-
science. He is at the phone, before it can ring again. 
!tBello, this is Dr. Sa-.... ·, 
"Hello, is this the doctor!" 
"Yes, what-----.... -! .. 
"Johnnie just vomited. he has been sick at his staaach all evening--------Yes he 
is feverish and hia bowels haven't moved yet today. He just took sick this lIIorning all 
.''- of a sudden.. His headaches. just above his eyes real badly. When he vanited, 1 tried to 
help him sit up in bed to use the basin but he said his back hurt and began elVing; and 
docter, when I went to help. him he. swore at me~ Can you cOllie right over!" 
The man who carries the 'Worries of his small world on his shoulders respcnded to 
the plea of helplessness and what he expected to be just another" stomachache". proved to 
be some stranger out of Vsle.r attempting to catch him off guard. 
The child was apparently sicker than his temperature wouid seem to indicate. The 
doctor pondered long, and" out of· the blue" recalling a ten minute talk by one of "them 
all-fired smarl city specialists" he clinched the diagnosis with his spinal needle, had 
serum brought fr·aa the city by airplane and wa.s the cynosure of all eyes and the center 
of conversation at the ItCounty Medical" the following week-----a regular devil tor brains. 
Were the above picture uniyersal as far as diagnosis and treatment, ot poliomyelitis 
were concerned, we would probably sit back in our chairs with a srqug feeling that medi-
cine had certainly progressed and be thankful that we were living in such an age .• howeJ'er, 
radio instruction is not always available, and poliaayelitis has becane universal in 
incidence. Because of its devastating effect on the morale of maa by the severe residual 
1. 
paralysts of the untreated. its discussion is always interesting and at times instruc-
tive. Mere plugging a1,ong in behalf, of its clarification is justified by the end sought. 
Self-preservation spurs us .. in our endeavors to conquer this enemy. 
In addition 'to the motive of self-preservation, the poliomyelitis problem is intri-
guing because of its complex epidemiology. Unlike measles, in wbich exposure is' usually 
followed by the cl.ina,cal disease and subsequent immunity. the u,sual course of pcliomye-
1i tis is repeated exposure producing the subclinical infaction fellcwed: By slibelinieal 
followed by subclinical immunity.{ 15) Barely (an avara.ge of two per thousand itt an epidemic) 
an individual developes the clinical disease on initial eXj:osure.l20) 'hy is there such aa 
apparent reversal of disease and immunity in this entity and what alterations in the in-
dividual economy determine that in some the clinicfI..l infection shall follow exposure! 
Surely poliomyelitis presents a problem of scientific interest. 
HISTORY: Poliomye litis has been known for at least two bundred years, but only 
since the beginning of the twentieth century. has it assumed world wide proportions. ( 15) 
With wr scientific approach to perfection ill many fields this disease interposes a 
complex obstacle to progress in the field of medicine. Much work is being done in an 
attempt to understand the malady. Much work remains to be d ate especially as regards 
etiology and treatment. 
Cases of poliomyelitis have existed in Great Britain for two hundred years.{ 15) 
The first recognizable description of the symptoms was written by Michael Underwood 
(1784) in a treatise on diseases of children. The affection was called" Iebility ·of 
the Lower Extremities, of unknown etiology except in cases of teething and foul bowels." 
Thirteen years previously. Walter Scott, then an infant, developed teething fever, 
with a paralysis of his right leg. Badham t in 1835, described a localized outbreak of 
flaccid paralysis, which we now call poliomyelitis.(31) In this, he separated frcm spastic 
paralysis and palsies a group of flaccid paralysis. He described the clinical picture 
well and observed that in this group a febrilt.period preceded the onset .of paralysis. 
In 1840, a German, Jacob Heine, wrote a monograph on infantile paralysis. in which. he 
associated the symptom.s with the lesions of the cord.( 1S) His was the first good clinical 
description of the disease- and he also noted a spastic type of the disease.(31) 
2. 
Celmer, 1843, described an outbreak similar to that reporte.d by Badbam • 3B'7aJ.V Charcot (187.1) 
believed chief pathology to b.e a primary degeneration of the an:t.horn cells Clf the cord. 
(31) In 1880, Oscar Medin, a swedish fhysieian, discussed an outbreak at Stoekhokm and 
concluded that poliom,elitis was an infectious disease. ( 15) Subsequently the condition 
was called the,Hainededin di.sease. His pathologic.al* e}Jidemiological and c.llnical 
studies of the acute stage arELclassical •. In 1907, Wickmandescdbedcases of a feverish 
diaorder without para.lysi.s in clo.se.proximity to cases of Heille,..)lle¢in disease. These 
were consid&red abort.iv.e. casea.(15) 
188A Strumpel published a report on.the encephalitic, neurotic andpoliamyelitic 
types with features similar to those in Heine' 8 cases and suggested the infectious nature 
of the disease. His report conc.erningthe similarity of acute encephaliti, to spastic 
paralysis irl'.children and to poliomyelitis was the first description of the cerebral form. 
1897, Caverly first recognized the non paralytic form in the a.tudy. of 130 cases of polio-
myelitis in Vermont - 6 of whic.h had the clinical symptoms of theprepara.lytic stage, 
but did not become paralyzed. 
The infectious nature of thediseas& was not· accepted until Wickman, in 1905, 
adduced evidence of the canmuuicability based on a study of 1200 casas in the great 
Swedish apidemic.( 31) 
In 1909 1endsteiner and Pepper in Vienna first prodU'cad poliomye litis in monkeys 
by the intraperitoneal injection of infectious material frem human ca ae a. Similar re-
sults were obtained 8.. tew months later by Strauss, also by Fle.x.n&r and Lewis. l.n a few 
months the latter, together with Levaditi- of Paris. succeeded in passing the. disease 
throught a series of monkeys. thus proving that the disease. is caused by living micro-
organisms and not by filterabletoxins.(29) (13) (283) 
The organism producing the disease was apparently discovered in l810 simultaneous-
ly at the Rockefeller Institut& in New York and at the Pasteur Institute in Paris. 'Ibe 
fOl'Dl&r discovered that the microbe of poliomyelitis escapes fran the body 1n the seera-
tions or the nose and throat. also that there was a substance in the blood of a~indiV'i-
dual who had had the disease,which.- when innceulated intem.onkeys is capable .. of.prevent-
ing the development of the die&ase. They also sbowed that the serua was capable of 
preventing the onset of paralysis in monkeys when the microbe is introduced first follow-
3. 
ed in 24-48 hours by the injection of serum frCID recovered human beings or m~keys. This 
observation is the experimental foundat~on for the convalescent serum treatment of the 
disease first applied in man by Professor :Netter of Paris in 1911.(284) In 1910, FleJtnar 
reported an attempt to produce an immune horae serum again. st. the disea.se. Banz40f and 
Park assisted him in further experiments with horse serum. In 1918 A. Petit took up the 
work using sheep and horse serum and subsequently reported successin 25 frankly paraly. 
tic cases. Netter, of Paris, reported 22 cases successfully. treated with horse se rum. 
(2e,lRosenau isolated a strain of streptococci which he believed to be the ca.usative 
organism in poliCJllyelitis and produced an ant.i-streptococcus sera which has not been 
used extensively enough to judge its value. (32)(10){29){31) General opinion is that the 
streptococcus is a secondary invader and not the etiological organism\_ W. L. Aycock 
of the Massachusetts polianyeliUt catlmia.8.iDll with his co-workers has done much work in 
the eluci.a.ation and solution of the problems in poliaayelitis. As stated previously, 
the disease is worldwide in distribution though the wDrat epidemics have occurred on 
.'i'- the North American continent and the most discussec.i endemic was IVew York State in 1916. 
At present the most energy in canbatting the disease is being concentrated on the 
diagnosis of the infection in the preparalytic stage as treatment with convalescent serwa 
is most efficacious at thattime.(le) Aycock and Kramer are doing considerable work on a 
neutralization test, the purpose of which is to ascertain the plesenee of immune bodies 
to polianyelitia in the serum of those known not to have had the clinical disease, thus 
proving their concepts on epidemiology and providing a possible source of immune serum 
should the stores of convalescent serum prove insufficient in an epidemic.l4 .. 5) The use 
of monkeys is necessary in this test and their cost lIIay prohibit extensive use of the 
test. 
With this brief introduction to polianyelitis an attempt will now be made to dis ... 
CUBS the disease as a clinical entity with special reference to epidemiology and tr,at .... 
_J,.~~ __ . 
ment with convalescent se rum. 
1\\ 
The terms "Infa.ntile Paralysis" and UPolianyelitis" are used interchangeable by 
most authors and shall be so used in this paper. 
4. 
DEFINITION: 
PoliQllyeli.~is is an acute generalized infectious disease caused by a filterable 
virus characterind c.lini,cally by a prima.ry phase of systemic infecti.on wi.th fever,: 
vemiting, diarrhea, pharyngeal catarrh and general malaise; a secondary phase of mening-
ea.1 invasion wi~h .hea.daehe, rigidity of the neck, resistance to anterior flexion of the 
spine. pain in the bac.kand limbs, and apathy; and a paraly.tic stage in which motor dis-
ability: varies from.slight,paresi.s to complete. para.lysis with dea.th, with a tendency for 
paralysis t.o be reversible within inde.finite limits; characte;a;·izedanatomi.cally: by general-
ized toxemia, indicated by cloudy swelling of parenChymatous organs and lymphatic tissue 
with acut. swelling. most marked. in tM mesenteric glands and Peyer's patches, invo.lvement 
of the l&ptaneninges and posterior root ganglia, subsequently localizing in the central 
nervous syatem most addent. in the gray matter ot anterior horns; the lab.oratory findings 
early are those of an acute infection,. a neutrophilic leucocytosis of 15--25,000 and later 
by spinal:Cluid findings which are characteristic. Be.cause of the infrequent incidence 
of paralysis, the latter might be considered a sequel even though it is the JIlost emphasiz-
ed feature of the 4lUea..... lt otfecta all agea but mainly. ehildrea.(31){ la) ( 13) (::)5) (2Sa) 
34) 
ETICLOGY: 
... 
The exciting 'cause of the disease is generally considered to belong te the group 
of filterable viruses.( 13) (31) There are two schools of belief as regards a specific 
orgEtllism. One of these was spollsered by Flexner of the Rockefeller lnsti tute. He and 
Noguchi in 1913 reI'orted the cultivation on a specially devised media of a minute globoid 
body 0.15--0.3 microns in diameter cultered frem the nervc.us tissues of human beings and 
monkeys liithacute poliomyelitis,.{ 1O){31)( 29)(284) The organil3W passes through a l3erke-
field filter, is a strict anerobe, grows best on ascitic fluid in deep tubes with a bit 
of sterile kidney or brain tiesue at the bottom overlaid v.;ith pa.raffin oil and is arre.ng-
ed in pairs, small groups or chains. It is highly resistive to freezing and ie not injur-
ad by O.5;t phenol. Flexne.r and Amoss have [(Und it tc remain virulent after exposure for 
six years t(l 50% glycerol. It is destroyed by exposure to a temperature of 45-50 degrees 
(!O"l'i'DSt"e 
Cent.igrad.e for half an hClUrj by 2% hydrogen peroxide; by menthol, and by'f"sublimate.(29) 
5. 
Cultures of the organism injected into monkeys rer-reduce an experimental ficture typical 
{Sl} of the disease in the 1st, 4th, 18th and 20th generations(31) although not all eul-
tures are sufficiently pathogenic to cause infecticn,and the organism can again be re-
covered in culture fran infected animals.(2$) Thus, since the organism can be isolated 
fr~ human cases, it can be cultivated in pure culture, injections into a laboratory an-
imal produce the typical disease and it can be isolated again fl'DDI the experimental an-
imal and cultures. Koch's postulates seemed to be satisfied. 
The organism in culture withstands preservation and glycerinization as does the 
virus in the nervcus tissues and Flexner, Noguchi and Amoss have found that it maintains 
its pathogenicity in culture for more than a year.(29) It has been demonstrated in film 
preparations and sections from the tissues of infected monkeys and humans, by Flexner and 
Noguchi in the incubated brain tissue of infected monkeys in which it has apparently mul-
tipUed, 'and in the blood of a monkey by &Doss. Because of technical difficua.ties of 
dem,onstra tion and cultivation the relation of this ,organism to the disease has not been 
generally confinned.{Z9) Flexner believed that hit had fwnd the actual organism of polio-
my It litis. However, subsequently he was not able to find the glaboid bodies in-,highly in-
feetious filtrates and Amoss could not detect any immunological relationship between these 
bodies and the disease remains unsolved. It is possible that these bodies absorb and 
keep viable the true virus.(31) 
The other school as regards etiology headed by E. C. Rosenow, kathers, Nuzum and 
Herzog clains to have ragularly cultivated a strain of streptococcus from the cords and 
brains of fatal cases which they c .onsider to be the etiological organism.(29) (lO) (32) (Sl) 
This streptococcus is pleomorphic and in one of its stages resembles the globoid bodies 
of Flexner and Noguchi and passes through the Berkefield biUer. Serologically it will 
not provoke the production of anti-bodies in animals immunized against it, nor does it 
regularly produce the typical clinical sym}Jtans and pathological changes in the monkey. 
The strains of streptococci fran human and monkey poliomyelitis tissue have not bee. 
fi"""'" proved to belong to the same groop_ The general consensas of opinion is that these 
streptococci are secondary invaders. (31) This relationship has been shown as follows: 
infective doses of streptococci free filtrate of virus were injected into Z monkeys at 
the same time. The first monkey was killed as soon as definite paralysis appeared. 
Though the true vi~JS was present in the nervous tissue proved by subsequent innoculati~ns 
into I:>ther animals, n£l streptoc.occi were present. The second monkey was allowe.d to die 
of resfiratory paralysis. This animal corresponds to a fatal human case. Streptoc.occi 
were easily cultured from this animal anl'ii:mu.stbe considered agonal invaders. 'rhus though 
3 rabbits successively producing paralysis and then the same organisms isolated from the 
rabbit and injected into a monkey producing the typical clinical picture of poliomyelitis; 
he has not excluded the presence o-f the virus in his cultu.Tes. ligainthe streptococci 
may absorb and keep the virus viable. Monkeys recovered frem infection with the strepto-
cocci derived fran casas of poliQDlyelitis are nQt protected frGII infection with filtered 
virus and the blood does n£lt neutalize the filtered virus in vitro. Again in thousands 
of casas of pclicmyelitis no instances Qt metastatic infection and inflammation character-
istic of the streptococci have occurrad.(31) 
Now that the organisms suggested in specific etiology are excluded frot\consider-
ation the belief that poliomyelitis is caused by a filterable virus holds sway once more. 
Thus, a few faets on viruses in general are indicated.(31) Frequently young cells seem 
essential for virus activity. In the higher forms of life virus activity is best exhib-
ited, not in old undernourished, sickly individuals, but in young healthy ones. Injury, 
whether traumatic or i ntlammatory, seems to playa role in the infectiousness of many 
viruses by furnishing young cells or growth producing factors usually found in the 
vicini ty of such areas of dead tissues. Policmyelitis virus exhibites an affinity for 
cells of certain tissues and apparently can neither multiply nor produce the typical signs 
of the disease unless it canes into close relation~with these cells. The general effect 
of viruses on cells is to cause an increase in the size and rate of division of cells 
producing a ballooning degeneration, follOWing which the cells die and go to pieces. This 
description is called by Amoss II reticulating colliquation." The picture in virus dis-
ease depends on which of these two processes, ballooning degeneration or reticulating 
colliquation, predcminatas.(31) 
7. 
.. -
Rivers reports that in each succeeding passage of poli~yelitis virus in monkeys 
the mortality mounts until nearly all the anjmals die Df respiratory paralysis and less 
and less virus is needed to produce the disease. The virus, on repeated passage and 
storage in the interin in glycerol at 40clt' retains its violence, but after several years 
its activity decreases on further passages and amounts needed to produce the disease be-
ccme greater. After still [luther passage the virulence appear to be renewed and the virus 
regains its 1nfectie\.umess. Roughly this corresponds to the epidemiC it yo! the virus of 
polianyelitis.(31) (29) 
The virus of poliomyelitis has been demonstrated in the nasal and buccal secra-
tions and in the intestinal c optent. not only of paralytic, but of abortive or non-paral-
ytic cases and healthy carriers.{ 16)( 14)( 2.H 15){30)(284) (6) (16) The disease is spread by 
contact direct or indirect and is Blost contagious early during the phase of pharyngeal 
catarrh. The portal of entry is the nasopharynx and the subsequent extension probably 
occurs by the lymphatics thru the cribifom plate to the nervws tissues,(29) along the 
fibers of the olfactory nerves to the brain, into the general circulation to the nervous 
tissue. or upon illgesti,on, the gastro-intestinal tract may serve as the portal of entry. 
(1O){Z9){ 16){ 18.)(284) This rcu.te must be considered because of the tareqaency with which 
the lumbar enlargement is hit first. The manner in which the infection passes fran the 
intestine to the cord will be considered later. fredispilsing factors in the production 
of the disease will be thoroughly revie:wad in the discussion of epidmniology. 
PATH(!LOGY and PATHOGENESIS: 
The c 11nioal fea.tures and anatanical lesions in the human illness and the exper-
imental disease in monkeys are identical for all practical pur-Foses. For the patho-
logical changes during the course and at the terminatiOll we must rely upon post mortem 
8. 
examination in monkeys and humans for elucidation.(17){1O) If, as is generally condeded. 
the lesions in monkeys and in humans are identical, the ideal way of determining }:iatho-
logical changes would be to examinem~nkeY8 with the disease killed at varying interv8,ls 
fran the onset to the termination by death,. The animals cost about 'l~ each, so it is 
obvi cue that, such axperimentation is expensive. .Fairbrother and Hurst of the .Lister 
institute experimented, in the above manner..(l7) Monkeys icilled two days after intra .. 
cerebral innoculation showed a meningitis at site of entry, whieh was rather localized. 
Those killed ,on, the third or fourth day showed early lesicns in the form Dr cellular 
foci and perivascular infiltration in the cortex adjacent to the site of entry. On the 
fifth day t before p,aresis developed, there were cellular foci and areas of perivascular 
infiltrati,on, occurring in the,·absence of overlYing meningeal, irritation. Nerve cell 
degeneration tcok place in the anterior horn even in the absence of local interstitial 
changes. This might favor the idea of spread along the axial cyline,ere cl .nerves suggest-
ed by Hurst. Cellular foei occurred at randan over the anterior and posterior horns. 
lIleningeal infiltraticn took place only when the infiltrated vessel reached the surface 
and was not due to III primary meningitis. 'fhe· intervertebral ganglia were also the site 
of early changes. On the eighth day the disease was fully developed. 1esims of the 
cortex and basal ganglia were not mueh altered from the early pictu.re. Lesions cf the 
brainAstem and cord. had increased in severity and clinically produced paralysis and 
prostraticn. Nerve cell destruction was greatest in the lum.bar and cervical enlargements. 
(17) Possibly this tact is. base,d . .O!L • .b.etter blo.od supply lere than in intervening cord. 
This destructi-en.was .. very rapid and present even in the absence of perivascular in-
fi Itrat.1 on. However, we must remenber that the virus was inject.ed initially into the 
nervcus tissue. In t.he preparalyt.ie stage when t.remor was present, the nerve cell lesions 
were alone present. Twenty .. four hQurs later the maj ority ot cells might be necrotic 
masses of debris. When this happened the cells could be placed in two groups", those 
obviously necrotic and. those in "hich change seems definitely reversible.. 1.n the former 
as degeneration proceeds neuronophagia begins and theneutrophils and glial cs,U.s remove 
the dea.dcells. In the medulla and pons the. nerve cell damage i8 never so severe as in 
the cord. In the mid-brain the perivascular infiltration is intense though nerve cell 
damage was rarely severe. They concluded frau this study that poliomyelitis was an 
inflammatory disease of the entire central nervous system with a predilectim for the 
anteri~r horns, that the nerve cells were affected primarily by the virus and not 
degenerated as a result of interstitial inflammation.ll7) 
Hurst in 192.9 showed that the ~.ord changes were well advanced before infiltration 
of the leptalleninge.s took Flace. He concluded that the m(JCie of spread was alcng the 
nerve fibers.( 13) This vieli is supported by Goodpasture working with the virus of herl'Eul 
simFlex and Flexner and leWis working with the virus ot poliomyelitis.(7) 
Fra.nces Pea.body writing for Oxford medicine gives the following post mortem des1' 
cription of human cases.(29) There is injection and edema. of the meninges with slight 
incree.se in cerebro-spinal fluid. On section the D,'Elin. and cord are mCiist and edematous 
and the gray matter 'bulges beyond the level of white matter. Minute hemorrhages are 
visible. The earliest changes he believes are hyperemia..and an acute interstitial men-
ingitis with accumulation of small mononuclears in the perivascular lyml'h s}aces of the 
blood vesse ls of the leptomening.es. The peri vascu lar infiltration i8 BUist marked in the 
anterior fissure fran which it spreads along the vessele as they enter the core trau the 
meninges torming a sheath surrounding the bleod vessels in such a way as to suggest in 
}:l.&ees that it might exert pressure and interfere with the b100Ei supply.{29) These }:rimaTY 
lesion.s, perivascula.r infiltratifln.,. hemorrhage and edema are dependent on vascular changes 
and the tact that the pathological Froceas is most marked in the cervical and lumbar re-
gions of the cord and in the anterior portion of the cord eon8sponds to the mora abundctnt 
blood sUPl'ly in these regions. If we accept the fact that polianyelitis is a systemic 
disease the idea that the¥ascular changes are primary is plausible. 'lbe e.xperimental 
disease does not parallel the human disease as the virus in the tomer is innoculated 
directly into the nervcus tissue and the sequence of events must as a result difter.(l7) 
If the hemorrhage and edema are absorbed soen enough the nerve cells of the region whose 
fUllction may haVe been intederred with by pressure will recover and to. this is probably 
due the rapfe disappearance of paralysis in certain cases in the early days of convale-
scence. If the Frocess does nDt ragNes degeneration of the nerve cells takes pls.ca. 
Where the virus had involved nerve cells speCifically, at the time of death degeneration 
had beenccmpleted, the .de~rishav:ing been carried away by the neurcnop.hages and replaced 
by granulation tissue.{29) The lesions in the cord are always mora severe than in the 
le): •• 
brain. Boyd believes that direct damage to nerve cells and effects due to vascular 
changea are independent,; eit.heI: one or beth may be present or absent.(7) AS long as 
paralysis constituted the chief feature the le.sions in ether organs were not considered 
of importan.c.e but as· we cme to recogni,ze thedisaa.se earlier when there is systemic 
. 
d'ssemination these .systemic lesions are assuming more importance. In all of eleven 
cases dying during the acute stage, Flexner, Peabody and Draper report that there RS a 
mpre or less extensive involvement of the lymphoid tissue througbOQt the body and par-
ancnymateus organs. The former appears to react to the virus generally but is most 
marked in the mesenteric lymph glands and Payer's patches which show acute swelling. 
Cloudy swelling occurs in the parenchymatous organs.( 29) The virus has been rec overed 
from the cord,. brain, prevertebral.and retro-peritcneal sympathetic ganglia*. the gas-
serian ganglia. the nasal mucosa, tonsils, lymph glands, spleen and bc:aemarr,ow.(31)(13) 
Draper divides the hist~pathology into three groups:' perivascu lar infiltration, 
- parenchymatw.s degeneratiUland interstitial extravasat.ion (If red cella monocyte.s and 
polymcrfhs.llO) He belives t.hat local anemia, pressure fran edema. and t.oxin fran the 
virus all canbine so that.theant.erior hern cella are beth pQisoaed and strangled to 
deat.h. It doss not. seam logical that we can take anyone of t.he above faetcrs and say 
that it alone is the cause of the path"logy in pol:iGDyelitd.s. The experimental. disease 
shows that befor&. t.he drus reaches the cord the chorod.ci l'lexus shows injury.( 14) (31) (1O) 
Here again if we accept the fact t.hat. at the begirming t.he disease is systemic the ab"ve 
relationship lases the importance which it might assume if we believed that the virus 
followed the nerves to the brain, entered the circulatd.on there, penetrated. the choroid 
plexu.s. and spread to the cord via the cerebra-spinal fluid before cord damage took place. 
Rivers description of til&. pathology contains seme points pertinent to the e.lucida-
tion cf the clinical course of t.he,disease.l31) liicroscopically cross section of either of 
the cord enlargements showsbulging ofth& gray mat.tar and varies h'em a diffuse }::ink to an 
,obvious hemorrhagic myelitis. The lesions are most often .present, in the enlargements of 
the cord and diminisbin.stlc.ceeding sectima. 1n human cases the medulla is usually 
disti.nctly, congested thGugh there are no gross lesions visible.ltier,oscopically the drus 
11. 
-.-
provokes a round cell infiltration. '.1'bere is alv.ays more or less response in the men-
inges especially around the vessels of the pia. The r.eaction may be mild and loca.lized 
to certain levels or intense and disseminated. The meningeal reaction is the first 
lesion according to this author and is the organic basis fDr thebaok and neck signs. 
The next lesion in order ol-develcpment is in the p{)sterior root ganglion. l'here is a 
focal round cell inf.iUrationwithmid-intarstitial hyperplasia ana varieus degrees of 
nerve cell destruction whicn...progresses in the same manner as in the motor celle of the 
cord. This is the !irst nerve tissue involved and is the first toreeover. '.1'here is 
usually no residual disturbance of sensation though the changes do accOlAnt for the hyper-
• • 
esthesia. Lesions occur in the gasserian. c,J.,.ary and sympathetic gangli4L \'I'hieh corres-
pond to the root ganglia. 
In the substance of the cord both the white and gray substance are affected. 1n the 
white substance there is perivascular infiltration about the cl:pillaries. slight edema and 
at times hemorrhage. The gray matter suffers most and the ~osterior horns are nearly as 
often involved in the acute process as the anterior horn. There are focal. perivascular 
and diffuse infiltr&.tions cf rcund cells and edema 6sk-ecially around the blood vessels and 
nerve cells. The vessels may be further damaged and hemorrha~e small or extensive may 
resu It. The vesse Is outside the nervous system are not affected to this extent. It would 
seem, therefore, that injurous effects are due to multiplication of the virus. The nerve 
cells are susceptible to the virus directly or indirectly. The sequence of nerve cell 
changes is perineuritic\ edema, granulation of the protaplasm with loss of the finer 
-markings and less deep staining of -the nucleus. The neurOID-phages besane arranged peri-
pherally ab out the cell, the peripheral cytoplasm dissolves leaving a granular debris and 
the neuro.opl'J.ag&S enter the dead dell. Aft~~ solution is complete scar tissue fills the 
space. Permanent damage results in paralysis. However, the cells damaged to the extent 
of loss of function may recover as shown by return to nonnal in a short time ... of complete-
1y paralyzed muse les. This suggests edema as the cause .of loss of function. Edema here 
is not a question of .emotic pressure alone. 
The medulla shows lesions in the majority of cases though they may be slight. lesions 
·fI..o~'" • 
are present most otten in the cordtthe dt"stribution in both is irregular. In the latter, 
lesions are most frequently present in the enlargements while in the brain a frequent 
site is beneath the floor of the fourth ventr-icle. 'the basal ganglia and subcortical 
regions 'Of the cerebruDLare at times involved and lesions may be present in the cere-
bellum. 
All lymph glands and lymphatic tissue of the spleen show hyperplasia. The virus 
has been found in the mesenteric nodes. In the liver at times there have been focal 
infiltrations with small areas of necrosis.(31) 
Distribution of the virus on intravenous injection of large quantities into monkeys 
subsequently killed at varying intervals is:- illuminating as to the general systemic 
nature of the disease and the probable course 'Of the infectious process in man.(31) (10) 
The virus is withdrawn ~cm the blood first by the spleen and bane marrow, next by the 
poste riOT root ganglia, and finally by the tissue of the central nervous system. Another 
supposed result of this experiment is that before the virus reaches the cord the choroid 
plexus shows injury. Here again, the evallLatiDn of this finding is dif,ficult. for it is 
known that the cord is well aUf-plied with blood frem the spinal arterias and if the 
disease is systemic it should reach the cord as soon by this route as by way of the cerebr'o-
spinal fluid fran the choroid plexus. The above finding may be coincidental. In ex-
plaining the frequency with which the lumbar enlargement is involved, Dr. J. Jay. Keegan 
and C. M. Ha,ctor( 16) suggest that ingestion of the virus occurs afte r implantation in 
the nasa-pharynx.,. and passes indirec,tly by way of the bowels up the nerves to the cord. 
Hector reports an ~bservation bya Er. Sbore that a sharp purge may be followed by a 
large offensive evacuation and a rapid amelioration of the condition.{ 16) However, he 
does not state that the virus was isolated in the abov,e case so we have no way of know-
ing that the patient. would have developed the disease without the purge. Dr. Keegan 
bases his belief on 'some work with filterable viruses by Goodpasture drawing an analogy 
to interpret the picture in pclianyelitis.(7) This route must be considered for we 
know well that tetanus toxin passes up the peripheral nerves to the cord and produces 
the clinical picture as til result ot cord involvement. However, tetanus toxin, is a 
soluble product and it may be pres,umftive to even suggest a possible analogy. 
In the production of the experimental disease the intrClc"cerebralroute re.quires the 
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least amount .of virus.(3l) The intra-spinal, sciatic, nasal, lleritonea1., Elubcutaneous 
and venous r.outes are 8mllloyed requiring greater amDunts .of the vir.1s tD produce the 
disease in the .oJ'dernamed.(31) Enormws d.oses are needed by the intra-venous route 
if the central nervCl.1s system is intact and even then infecti·.on is inconstant.. To me 
this seems the most plausible explanati.on .of the lew incidence .of polianyelitis (2 per 
1000) (10) even in epidemics ant e.x.plaii1s;thow individuals in wh(ll; there are sane anti-
bodies may by the multiplication of virus have their immunity overcane with fr.oduction. 
of the clinical disease. If nonnal horse serum, ringers s.olution, monkey or human serum 
or: isotonic NaC1 are injected intraspinally 15-18 heurs before the vi.rus i.e injected 
4.1.$~ 
intravenously infect·1.on .occurs almost C onsta.ntly.{ 31)( 17) This oecurs~in pr.oduction of 
the disease by nasal appli.cations of the virus fer a short period.(31) Thus, we see that 
a possib le chor.oid plexus injury .or ste rile meningitis may be hypothesized in lowe ring 
the threshold .of the cerebrespinal system te the virus.{ 14) 
If gastro-intestina1 mDtility is cut down in monkeys by mcrphia and the acidity is i- neutrali.zed by NaHCQ;-)infectionis accanplished by oral administration of the virus in 2 
out Dr 5. Halt grown monkeys c euld not be so infected and remain susceptible to intra-
cerebral innoculations. ,This route is important in view of the appare.nt milk borne aI-i-
demics of the disease.(3l){ 18) 
When large volumes"'of active filtrate are injected inte the circulation the b.lood is 
infective for at least 72 hcursbut is probably not infective. atter 10 days, when par-
alysis app.ears.(3l) When smaller doses or large doses of less active virus ara employed 
the blood fails or i-rregularl, conveys infection to the nervous system. Therefore a 
mechanism capable of exc luding virus fran the nervous system is inferred as indicated 
above. In humans in the acute stage the virus has never been found in the blood or spinal 
fluid. 
Goodpasture working with the riru.s of Herpes Zoster has been able te produce lesions 
in the motor mucleus .of the fifth cranial nerve in the pootite rregtcn by injecticn of the 
virus into the masseter muse le. (7) Flexner and Lewis have infected monkeys by the in-
trafCastal route and followed the vi-111s to the olfactory 1obes.{3l) The first symptans of 
the clinical disease we re due here to root ganglia involvement. The most logical route 
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from the portal entry is by way of the ce rebrospinal fluid but P'lexner and lewis have 
not been able to follow the virus in this system by innoculatian tests. Flexner and 
Amossafter injection of large doses of the virus intravenously fiOUtH1 the vims present 
in the spinal fluid in increasing amounts from 72-96 hours and it was still present 
with onset of paralysis in 19 days. Even with such injecti.on the vims passed inconstant-
ly to the cord and brain. The root ganglia can remove the virus directly from the blood 
and indirectly fran the spinal fluid. AseI;tic meningitis facilitates and insures passage 
fo virus fran the blood ttl the nervous tissues with subsequent paralysis. The virus in 
transit fran the blood through the spinal fluid is capable of being neutralized by spinal 
injection of immune serum. The virus possesses an affinity for nervous tissues. but for 
no specific element of these tissues. This i_8 shtlwn by observations that nerve cells do 
not alone .or in advance of other structures attract the virus. 
All intra1\liural means of infection are successful and the virus p~uses along the 
nerves to the interstiesof the nenws system pnbably utilizing lymphatic communications. 
(13)(3l)(7) hcJitpt for the root ganglia none of the nervous organs can remove virus fran 
the blood prior to damage to vessels and choroid plexus.{Sl) In monkeys these lesions 
permit differentiation fran lesions caused by intra-neural modes of infection. The latter 
modes are effectiv-e in p:C4portim to the degree in which virus is brought into intimate 
contact with nervous tissues. 
Generally the upper-respiratory mucosa is the most otten contaminated and most 
readily favors conveyance of virus t,o the brain. Distribution of the vims is effected 
largely by the spinal fluid a fact established by prevention of infection by intraspinal 
injection of immune serum after virus is iujected into the blood stream under conditions 
insuring infection.(3l)( 14) 
S YJiiPT CIiliAT (LCG Y : 
By definition it was stated that poliomyelitis is an acute generalized infectious 
disease wbich produces a somewhat characteristic series of general sympto~s and may beGame 
localized in the nervous tissues. Localization, which in over halt the cases, leads to 
hyperesthesias, asymmetry of reflexes and depending on severity varying degrees of motor 
debility fran transient and reversible paresis to permanent paralysis. of muscle, groups.{Sl) 
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Peabody states that paralysis Clccurs only when the meningeal choroid ,tilexus vascular 
mechanism is injured so that the virus esc~pes intathe cere'bro-spinal tluid and reaches 
the brain and cord.(29) For convenience F~ing divides the clinical course into three 
phases, that of general infection, meningeal invasion and paralysis.' 13)(34)(31)( 10) 
These stages are most marked in epidemics. 'rhe first two taken together constitute the 
preparalytic stage of most.-writers on this subject.( 19)(35) The incubation period varies 
fran three to ten days. The phase of general infection lasts fran a few hours to three 
or four days and may be entirely overlooked. TheTe is fever varying fran 100 .. 103 degrees, 
general malaise, vaniting, diarrhea and catarrh of the upper respiratory tract. The 
cerebra-spinal fluid is nonnal. The phase of meningeal invasion may occur synchronously 
with the first stage or there may be an interval of 3-4 hours to 8 days between the onset 
of th.e two in which there is a feeling of well being. The intensity here varies frcm 
SD slight as to pass unnoticed to the simultation of an acute meningi.tis. lts duration 
is usually short. The fever carries over fran the first phase; there is headache which 
is frontal in location and persistant. pain in the back and limbs due to posterior root 
involvement. muscle tendel:ness which may persist t()r weeks;(34) rigidity ot the spine 
with resista.nce to. passive anterior flexion the so-called" spine sigut!; twitchings, head 
retraction producing characteristic protective opisthotcmus; drowsiness when left alone; 
irritability when disturbed; retention of urine for 12-24 hours not raquiring catheteriza-
tion, hyperesthesia. noted on handling the sick child and infrequently coma.(31)(29) The 
cerebro-spinal pressure is increased moderately to 150 .. 200 RIm. water prossura.(19.) Tpere 
is an increase in cells in the fluid fran 30 .. ·2000 with almostJ.lOO~ polumorphs the first 
24 hours which subsequently bec anes practically 100% lymphocytes.( 10)( 13)( 19) Globu lin 
is increased and continues to increase even when the cell ewnt is decreasing. lt 
reaches the highest point in 2-3 weeks. The chlorides and glucose remain normal. There 
is a leuc.ocytosis ot from 15,,000--25,000 according to Draper with a 10-15;' po1ymorphonu ..... 
clears. 
The onset of the paralytic stage is sudden and the para-lysis is maximal at the 
.onset.( 13) It appears fran within 24 hours to 5 to 9 days of the onset of the disease. 
Fleming reports over one third of lOB cases which he .observed showed paralysis in one 
day. ln epidemics the average interval is three days. according to Peabody the acute 
or paralytic stage terminates when pain and hype resthesia decrease and there is begin-
ing restoration of muscle function.(29) The f.ormer usually lasts 2 to 4 weeks after 
onset ot paralysis. With the onset of paralysis general symptoms and especially those 
due to central nervous system involvement may _beeme accentuated. Fran a review of 600 
cases Aycock and luther state that cerebral, cerebellar, brainstem and spinal paralysis 
occur and may vary fran the involvement of a smaller area of the cord producing paresis 
of a few muscles to lesions so wide spraad as to cause cORlJ.ilete paralysis of the whole 
motor system with death fran a reSIJiratory failure. The. sp)'lincters are rarely permanent-
1y affected.(29) 
Stephen speaksot seven clinical types: the spinal, the bulbar, Landry's type, cere-
bral or encephali.tic form, cerebellar type, meningitic and abortive types.(34) In addi-
tion, Wickman speaks of a polioneu.ritic type; Kramer suggests a dromedary form. 
The spinal type is most prevalent and represents a lower motor neuron involvement 
which varia_s fran paresis to paralysis which is flaccid.{;;4) In the latter event there 
is a loss Qf deep reflexes and wasting of muse lese There is a tendency of the arms and 
legs to be involved due to the fre.quency with which the cervieal and lumbar segments are 
ai"fected.{ 17) The proximal muscles are more often and more completely affected than the 
distal groups and rec.cvery is apt to be more rapid and cilmple.te. in the latte r. 'l'he ex-
tensors are more often involved than the flexcrs. ~n the lower limhs this i.s shown by 
the great frequency wi til which the anterior tibial grw.p is hit.(29) Stephen reports 
63 out of 75 eases suffering fran residual paralysis of the lower limbs.(34) He states 
that respiration remains almost normal if either diaphrai!JD or int.axc ostals alone are 
knocked out. This does not seem logical for if the paralysis of the diaphraglll is flaccid 
as is true in a lower motor neurcn type of involvement it would interfere with expiration. 
If the paralysis were spastic then the diaphraglll would serve as a point of fixatiDn 
allowing the elastic rec oil of the thorax to aid in the process. 
The terminal stage here shows no tox.ic clouding of the sensorium as a rule and death 
is due to inability to breathe. Fatal cassoS are ;often striking .. ----a child who has been 
drowsy or apathetic suddenly becomes alert and wide awake watching anxiou.sly everything 
about him and in respiI"'dtsry embarrasment he bends every effort ct sustain respiration • 
. ~ This psychic stimu lation is an evil anen.( 10) 
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The jump or stepping type may progress in an ascending or descending manner 
an average period of ten days between jum}S affecting the muscles of the legs, abdomen, 
arm, neck, diaphragm and intercostals.(34) Same authors doubt that this type is true 
poliomyelitis and believe that cases of1a.ndry· s paralysis detected during epidemics 
are coinCidental. 
The bulbar and pontive types involve the medulla and any muscles supplied by 
3rd to the 12th cranial nerves. The nucleus of the facial nerve is most often involved. 
Cases of this type show a greater mortality than any other gr.oup because of the paraly-
sis of vital functions. The prodranal period here may be very brief or absent and par-
alysi8 may appear simultaneously with other symptoms. Occasionally the first suggestion 
that the child is ill is a nasal voice, dysphagia, regurgitation through nose or can-
bination of these.(34)(35){~3) 
The cerebral or encephalitic form inv9lves the frontal, the motor, or occipital 
regions, is either unilateral or bilateral and is characterized by general symptans of 
invasion: c onvu lsions, 6fhoreifom movements, drowsiness, strabismus and papillitis. 
The cerebellar type shows a more intense menigeal involvement than the spinal 
• 
fonn. In the !at,tar the meninges are only moderately congested. '£he cerebro-spinal fluid 
shows a high cell count simulating meningitis but is characteristic otherwise and all 
the symptans of meningeal irritation are prasent.(25) In the Drcmendory fOI1ll(34) 
which constitues 10-15% of cases, patients are ill for one or two days, get well, appar-
ently, then symptans reJl.ppear and paralysis occurs in 1--3 days • 
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The abortive type showe fever, headache. pains in the limbs, general weakness 
but no paralysis. Sore throat or diarrhea may be present. l'his type is noted in the 
presence of an e,~demic, othenise it is usually missed.(20) A fev; signs of meningeal 
irritation to an indefinite degree may be present. Draper believes that 70-80% of all 
cases present merely the aspect of an acute generalized infection without signs of central 
nervous system injury.( 13) (10) (19) This re lationship of systemic phase to phase of 
central nervc:us system invasion renders diagnosis difficult and canplieates correct in-
terpreta.tion of epidemiological phenanena and constitutes one of the interesting prob-
" 
lams of this malady. In the future we must l&an to select certain cases frem that 
hetercgenoos group dubbed" the flu" and because cf me or two susJ;icious symptans or 
findings label them as early poliamyelitis. Mere reservation in our minds of this 
,feasibility will aid" us in picking up many cases now missed. 'e must purge cur thinking 
·of its paralytic 1'llindedness befc,re we can progress far in the early diagnosis of thie 
disease. 
Peabody's description of the symptomatology in the child is interesting be-
cause it gives the doctor something enabling him to set this illness in this individual 
apart fram the case he has called the flu.l29) After an incubation period of a week 
symptoms of general infection appear lasting from 1-3 days. This phase may be absent 
or coincident with meningeal invasion. Usually the symptans of the early stage are of 
such a degree that the patient is seen by a doctor. There is fever, sweating, nausea 
and vaniting, e onstipaticn or diarrhea and an infection of the upper re.spiratcry tract 
or bronchitis. Later there may be drowsiness, apathy, til. tendency to sleep, a mild 
stupor out cf proportion to the fever t nervous irritability, ccmp!ainins, til. desire to 
be left alone, til. reluctance t() be touched or moved due to hyperesthesia dellOll.str'ated 
by pain on passive motion and the spine sign. In older patients there may be spontan-
eous pain in the neck, back or legs, paresis or twitching of the muscles with increase 
or decrease of the tend()n reflexes. In the child, there is a peculiar eXIJression of 
the eyes of mingled apprehension and resentfulness quite unlike the alert bright shining 
eyes cf other fevers. The child may shrug his shw lden when tcuched or spoken te, with 
an accoooFanying whine of resentment. H. is restless, breathes rapidly and seems to be 
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busily and actively resisting sane un.canprehensible disturpa.tlce to his usual ccmfort. 
There is a universal overstimula.tiDn; a. pressor state of the nervws system, Be marked 
that an impulsive ataxic tremor is present on every Jliot1on.{:G9) 
DIAGN,CSl;.S: 
The ideal to st-rive for in the diagnosis of polianyelitis is to recognize all 
cases in the prsparalytic stage when treatment is knGlwl!1 to be productive of favorable 
resulte.( 19) The difficultie.e in diagnosing poliomyelitis il1 the preparalytic stage 
have not been due to absence of diagnostic signs and symptms but due Chiefly to the 
lack of cpportunity to observe that stage of the disease, to the fact that we have been 
II paralytic minded" and to the low incidence of the disease even ilL .. seve:re e;~~emics 
which gives the physician slight opportunity to beeane acquainted with the illness. ( 19) 
In all cases of early general systemic infectien polianyelitis must be included in our 
differential diagnosis. We must diagnose the disease early to prevent the II humiliating 
infirmities of age bei~g infl.cted on infancy" a-nd youthful adolescence.{ 19) lew 
diseases give rise to such great alann and hysteria in a c~mmunity as does poliamye~itis 
and the canmunity turns t~ the doctor for advice. Early diagnosis followed at once by 
treatment with convalescent serum will prevent pennanent paralysis in the majority of 
cases. Such results will prove us worthy of our"hire." 
The New York State Department of Health outlines the following symptoms of the 
disease which it believes valuable in diagnosis before paralysis appears.(284) They are: 
Fever, averaging 102 degrees; headache which may be severe, general, may be nuchal, 
or reF laced by severe back fain; rigidity of the neck; distinct resistance to anterior 
flexion; tremor on attempted movement; apathy varying fraw mild indifference to drowsi-
ness, vadting once or twice on the first day, but never severe or persistent; r&tentioll. 
of urine for 12-24 hours not requiring catheterization; constipation and sweating usually 
seen as beading around the lips and neck, but never profuse. 'l'he preparalytic stage 
presents a distinct clinical entity with symptQms of a mild meningitis; headache, tremor 
-, and stiff neck const1tutingaroutstanding triad. iith the above clinical picture diagnosis 
should be confirmed by eXaJIlinaticn of the spinal fluid. Since the major epidemics in 
this country have occurred in New York State the above ccmpilation of symptans is, valuable. 
At present there is no practieal way of identifying individuals infected with poliomyelitis. 
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unless the virus invades the central nerc~us system. Thus the phase of general infecticn 
would of itself be suggestive only but in recognized epidemics or in the absence of other 
epidemics of diseases characterized by a similar phase its presence would require that 
pclianyelitis be ruled cut. When the infection reaches the central nervous system symptcms 
of a more definite character are manifest which have been menti,ned above. 
Several e;Fidemiological features are of value in leading one to suspect the disease. 
These are seascnal variation, geographical distribution, and the age incidence. Polio-
myelitis is a disease of warm weather occurring with great regu larity in the early summer 
and late fall though epidemics have occurred in the winter and spe.rMiic cases occur through-
out the whole year. The peak of most epidemics is reached in the last 2 weeks of August. 
The disease is dec.idedly more prevale.nt in temperate climates where the seascnal variations 
are extreme and attacks trle ycunger members of the populatic.n with greater frequency than the 
older groups.(Z86)(30)( 13)( 15}(Z)( 14)( 16){ 1O){6) These three facts have been observed in-
dependently on both siqes ()f the equator in the. temperate zones in the United States and 
Australia resf.ectively. Young children in whcm it is difficult to say a limb is paralyzed 
or net being moved because of pain makes diagnosis even in the paralytic stage hard unless 
spinal fluid examin.t:ion is d one.{ 13) This is indicated in all cases showing meningeal 
symptarJS. 
The spinal fluid findings are present only after invasion of the central nervcus 
system. Because (If the short duration of the meningeal stage the margin of safety before 
paralysis is narrow and the diagnosis should be made at the first evidence of this f'hase. 
The spinal fluid findings are:( 19) moderate ly increased pressura{ 150-200 mm. water) fluid 
is clear in direct light but a faint grwnd glass appearane~ is noted when EUamined by trans ... 
mitted- light against a dark background; the globulin is increased when tested by Pandy' s 
reagent, the reducing substance is nGrIllal or slightly increased and the chlorides are normal. 
The cells are always increased in tl".is stage varying fran 30-2000 per cu. mm. the average 
being 100-400 t polymoIJ.honuc lears predcminating the first 24 hours and the lymphocyte s i- becajdng practically lOaf.. later in the disease. A smear fails to show the presence of 
organisms. After the most acute symptOlls tire ever a fibrin coagulum has been noted by 
E. H. It. Stephen in the presence of 90 mgJJ. of protein per 100 cc.(34) 
The differential diagnosis of the disease is im~ortant because the incidence 
even in time of epidemics is lew. Other conditions which. might be confused with polio-
myelitis are all forms of meningitis due to pyogenic organisms; tuberculws, mumps and 
luetic: meningitis; all forms of encephalitis; loss of voluntary movement due to rheuma-
tis: the tender limbs in scurvy: head symptcms due tel dentition or otitis media and the 
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Meningitis due t c pyogenic organisms <N:e excluded by stained _ears or the test 
fClr reducing substance which is d'minishad. As a rule the pressure is greater. the fluid 
more turbid, the cell count higher with practically lOO~ polymori-honuclears, the glObulin 
increased to a greater degree and the chlcrides diminished. In the forms other than the 
meningceocci..~ther. will usually be a history of some preceding infection. 
In tuberculous meningitis the histcry of chronicity and exposure are usually 
obtained and in the spinal flu·id the cells early are lOO~ lpphocytes becaning 50% 
polymorphonuc lear late, the tuberc le bac:Ulus is present and the gluc Clse and chltOrides 
are 41minished. In mumps meningitis a history t'Jt exposure ano of recent or associated 
swelling of the parctid gland may be noted. In lJa.tic meningitis the wasseman reactien 
or a family history ot lues and ptlssibly congenital stigmata. establish this form of 
meningitis. 
Encephalitis due to poison is a febrile and characteristic history can be obtain-
ed as of lead pois(Jning. The post-infectious fOI1RS of encephalitis are suspected when a 
recent history of vacinia, chickenp~, measles t'Jr other acute infectious diseases can 
be obtained. In all of these the drowsy or stuporous ccnditicn of the patient is the 
most ve.luable differential p.oint. Tht'Jugh poliDlDyelitis patient-s may appear drowsy when 
left alone, on stimulation they are unusually alert as evidenced by the hyper-irritability 
and are well oriented. In the absence of apparent associated infections (Jr in presence 
of epidemic ence:phalitis it is hard to differentiate trQll an encel-halitis due tD the polio-
myelitis virus and here subsequent developments alene can determine the nature of the dis-
ease. The be~vioristic and mental chang~s frequently follOWing other forms tOf encephal-
itis are not observed in polio-encephalitis. 
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The tenderness of the limbs in scurvy may be confused with the muscle tenderness 
which occurs in pclianyelitis and may last l' or_ several weeks or more. Here the history 
of dietetic errors and the fresence of subcutaneous hemorrhages should indicbte the 
diagnosis. History and presence of definite localized inflallEation rule out the possi-
bility of poliomyelitis being mistaken for rheumatism. 
To summarize, any disease in a Y(lUng child or an adolescent occurring especially 
in late summer or early fall in a temperate climate showing symptans of systemic in-· 
fection and meningeal invasion shQ;1ld be suspected as }:;oliomyelitis to be excluded only 
by Ii. negative spinal fluid and failuf'& of condition to pregr&ss to paralysis. 
TREATILENT: 
Upcn positive diagnosis of poliomyelitis by lumbar puncture convalescent serum 
therapy is indicated immediately because clinically it is the only form of treatment 
which can be relied upon consistently when given early enough and experimentally its 
injectic.n into animals pre dously innoculated with virus has in a maj ority of cases 
prevetlted develcpement of the disease.(282)( 19)( 14)( 37) Flaxner and Amoss have shown 
that lumbar puncture subsequent t"-l injectil.)n of large doses of vil"U$ by vein in m-onkeys, 
results in slight hemorrhages into the subarachnoid space, which determines inV'asi,cn 
of the central nervrus system and a tnical attack of pol1anyelitis which did not other-
wise occur.{Sl) Therefere lumbar functure without treatment would most certainly in-
sure central nervous system involvement. especially in a preparalytic case with mening-
6801 symptcms. It would be instructive to know if in the attacks follo'ling lumbar punc-
ture the paralysis was confined chiefly to the lumbar enlargement. This would indicate 
a systemie Eiistr;U;nitim of the viftl:s wai1~i.l. 6ft h1i:\tBi1i te the b,tem8Aiftgee w wld iftaieB:~e 
a systemic distribution of the virus which on trauma to the leptaneninges wwld permit 
invasion of the nervcus tissue. Such a finding would also negate the necessity of having 
choroid plexus injury before nervous tissue involvement. a view held by numerws writers. 
However since the virus produces an inflammatory reaction there is no reason why it 
cannot enter the nervc'Us tissue by way ,of the spinal fluid frail the choroid plexus, the 
latter being injured by inflammation as well as by way of the Circulation I3f the cord. 
The latte r is the more extensive and probably accounts for the greater inCidence ,of the 
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-spinal type. Because there are no experimental or clinical findings to disc ~unt the 
work .cf Amoss and Flexner it is good practice to have serum available to inject by means 
of the same needle used in lumbar puncture without removal upcn positive diagnosis at 
the bedside, of polianyelitis.{ 19) \\i-th our present limited supplies of serum this pro-
cedure would be practically impassible except in epidemics. However with the demonstra-
tions of immune bodies in a large proporti.on of norma.l adults, in sporadic case.s where 
serum is not available, transfusion of the patient after typing or injection of adult 
blood in the buttocks in indicated.(12)(4)(5) Such treatment is not 100,. efficacious 
but in the absence of convalescent serum we are d aing sanething which has an even chance 
of preventing development of paralysis. Since specifiC treatment depends upon spinal 
puncture we must educate the general public to permit its judicious use. Serum therapy 
especia.lly as concerns convalescent serum will be extensively reviewed at the and of this 
paper. 
He"re general treatment alene will be c vnsiaered. This resclves itself into sev .. 
eral aspects preventative, curative and palliative.{ 13)(6){284}4 Preventative treatment 
is concerned with the isolation (If infected individuals and detection of· carriers. 
However attempts to limit spread offer little hope of success. In spite of strenuous 
efforts of the New York State Department of Health to discover and isolate cases quaran-
tine contacts and to restrict travel fran infected distracts, the epidemic of 1918 follow-
ed the ordinary course ending when the season for poliomyelitis arew to a close. It seems 
unwarranted in view of its usual occult method of spreading and the low incidence even 
in epidemics(Z per 1000 to)impcse irksane restrictions en any except the patient himself 
and even here the infre'quency of multiple cases in the same family and of cases traceable 
to contact Yiould cast dOlbt upon the value &if such quarantine. 'l'he latter in fact might 
lead to c-£nceahnent oJ cases and delay the time when a physiCian would be called, thus, 
resulting disastrously in many cases.(284) 
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We know that the virus enters by way of the nasa-pharynx ana given off in the 
secretion of the naao-pharynx. It becaaeB implanted on the surfaces and upon injury 
to the naso-pharyngeal mucosa it gets into the blood stream lymphatics or nerve sheaths. 
(30) Normal intact mucosa in this location prevents entrance and JIlay even have a vi"'-
ucidal effect;(29) (16) The virus lIay be ingested and following constipation or ex-
cessive purging which causes the gastro-intestinal meosa to become perrtl,eable it gets 
into the bl~od stream, lymphatics or passes along the nerve sheaths. The virus aia-
appears in recovered cases in frgm 10--14 days after the acute· attack. The virus bas been 
found to be present in the nasal washings Df a girl 6 days before the onset of an attaCK 
of definite polianyelitis. Thus, canmunicability is- posJtible fran 6 days befor= to 10 
days after acute- stage. Immune bodies appear in the blood of human cases in 5 days. 
The virus has a greater chance to persist in the nasa-pharynx of healthy contacts than in 
a recovered case because of greater concentration of antibodies in the latter. In 
prevention we must preserve the integrity of the naso-pharyngeal and gastro--inte stinal 
mucosa. In case of the former. this cannot be done by strong gargles or antiseptics 
or mouth wsshes. Two per cent peroxide and menthol are virucidal and 'are not strong 
enough to traumatize the tissues.(29) Constipation must be canbatted not by drastic 
catharsis but by increasing the fluid intake, by enemas, or by inart oils. Although 
eontact cases are few it is well. t-o }rotect attendants fran f WJites by burning all 
secretioas fran tha naso-phary~. and sterilizing dishes, C o,oking utensils and bed cloth-
ing.( 13)(31) Rivers believes that intimate contaots should be quarantined for 3 weeks, 
that traveling should be limited to necessity and that rinsing the pharynx with isotanic 
sodium tthloride mechanically removes the bu lk ~virus in C ornera. 
When a motor cell is destroyed the resulting paralysis of the part of the muscle 
supplied bec anes permanent. Curative treatment therefore, must be instituted befora 
paralysis occurs.(31) Convalascent serum if given early in the prepara1ytic stage will 
prevent permanentparalysis.( 13)( 19)(6) Since most of the damage occurs to the central 
nervous system, intra-thecal injection should be the chief route of therapeutic approach. 
(14) Anti-poliomyelitis horse serum has been used more in Europe than in America with 
fair results and may be tried.(26) Rosenow claims similar success for his acute-strepto-
coccus serum theugh its use has not been extensive enough for c omparisonwith c onva1-
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escent serum. 'rhe dosage and prodedure will be considered later. Because perineuronal 
edema plays a role in the production of paralysis relief fran it until the natural de-
fenses can becane mobilized shoo Id produce beneficial effects. It has been shown that 
dehydration following intravenous hypertonic sodium chloride. Aycock and Amoss after such 
dehydration attempted to saturate the host with immune bodies so that when the edema 
returned an influx of immune bodies would take place. This was not proved experimentally. 
but they treated a child with the ascending type of paralysis which is usually fatal 
with resulting casplete recovery.{31) Palliative treatment is c()ncerned with those steps 
which give the paralyzed muscles the best possible chance for recoverYt in-so-far as 
that occurs.( 13) Paralysis in poliomyelitis is maximal at first and unless death ensues 
more or less recovery always takes place. This recovery takes place as a result of the 
relief from pressure, the restoration of circulation and the neutralization 01- toxins, 
which occurs on the regression of the inflammatory process and allows incanpletely des-
troyed nerve cells to regain sane degne of iunction.(13)( 10) Therefore, any treatment 
which will aid in the recovery of the nerve cells will also aid in the recovery of the 
paralyzed muse lee Here, repeated lumbar puncture for several days to relieve pressure 
is of value. The patient should be flat in bed, avoiding all movement and at caDplete 
-IIH~ntal as well as physka.l rest. Pain should be relieved by sedation as it interferes 
with rest. After the temperatura has been nonmal for a week and the pain gone the ex-
tent of paralysis may be ascertained and the affected parts maintained in relaxation for 
a prolonged period resorting to orthopedic measures when indicated.{ 13) 
The Drin_er R&spirator shwld be used in those cases of respiratory muscle paral-
ysis as long as there is any hope of ree overy. (6 H 19) The restOl?8.tion of the infantile 
paralysis victim and the prevention of deformities after the active stage of the dis-
ease may best be aceasplished by rest, carefully directed axercise and mechanical relax-
a tion of the affected muse les under the supervision of a competent physician. (284 ) 
Muscle classification according to the amount of resistance they can overcome offers a 
~. methoi of determining progress of treatment and is valuable in prognosis. The classifica-
tion used by the New York State Departmentol Health is grruped as follows; 1. Normal 
muse le-canpara with other side if the latter is unaffected. 2. muse le capable of over-
coming gravity and outside force - good, 3. muscle capable of overcalling gravity alone-
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fair, 4. muscle capable of overcoming friction of joint and table - poor, 5. muscle 
incapable of producing movement but showing contraction ... trace, 6. musc le showing no 
tightening of tend()n or muscle belly - tota-lly paralyzed-.. Illustrating, if the knee 
can be extended while the patient lies en hies side, the quadriceps be longs to class 4. 
In every case where the operator resists with his hands, the action of a set of musc les, 
he should be careful to graduate his resistance fran weak to strong to weak. The re ... 
sistance should be just short of that needed to stop the movement. Resistance should 
be initiated when any given movement ean be per~ormed freely to its fullest extent in 
its absence. All movements shculd be carried through the full.arc of motion and assist-
ance given at the end when the patient cannot cClllplete the arc actively.(284) 
The training of esc les should be begun as soon as the patients limbs can be 
moved freely without pain.(284) (13)(34) In sane cases as soon as this may be in three 
weeks and again it is possible to accClllplish a great deal for cases that have been peg-
lected for years. Fleming maintains that electrical treatment and massage shruld not be 
employed until all hope of rec overy from paralyses is gone and then only to improve cir-
culation and nutrition of the affected part.{ 13) This att.itude, though extreme, seems to 
sound a warning against ill-directed exercise and premature manipulations which are 
harmful.(284) 'eight bearing is very deteterious to weakened muscles and allOWing 
patients on their feet 1;oo':seen may cause severe crippling. The patient must be observ-
ed fran the .onset to prevent tee drop, sagging shoulders or ether positions which stretch 
weakened muscles. Hence splints, sandbags and cradles to bear the weight of the bed-
clothes are some of the measures useful fer this purpose. Actual training of muse las 
falls best on the parents who must first be trained by the physician.l284) The latter 
prescribes the exercises, however changing them fran time to time as the muscles gain 
strength. 
The patient should never be left to de his exercises alone for the response of 
muscle and nerve is dependent on the strength of the stimulus and the volition of the 
patient is materially aided. by the .outside stinulus of a word of canmand. When the 
muscle doesnQt,re~p~~d at all-the physician should perfor.m the movement passively 
While urging the patient to make the greatest possible effort. 
The pa.tients mentalattitud.. may present the first obstacle in muscle training. 
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The director of exercises should exude confidence and make the patient feel that though 
he has not up until ~~e present made any progress, he is going to in the future, thus 
approaching the problem fram the psychic as well as the physical point of view.(2B4) 
The affect$d musc-les should be uncovered during exercise so they can be c 10881y observed. 
A bard, smooth horizontal surface is necessary for proper performance of the exercises.as 
it eliminates as much as possible the resistance traw friction which could not be done on 
a soft yielding bed or couch. The surface should be wide enoughtto allow hip abduction. 
when patient is lying on his back and hip flexion when lying on the side.(284) Sanetimes 
movements can be foulitated by taking advantage of the buoyancy of wa:na water thc.ugh the 
actual training can be best supervised on a table. 'ater can be used for patients who 
have learned the proper exercises and the ones to be avoidedl284 ) The whole attention 
of the patient is required to prevent underestimation of his ability to use his muscles 
and those other than trainer and patient should be excluded from the room. For kiddies 
the exercises mHY be turned into an int.erestinggam_. The exercises proper are graded 
fraw those which the weakest muscles are able to do to those requiring normal strength 
and must be fitted to the patient by.,testing out each affected muscle group selJarately. 
All exercises must be done without fatigue and when a muscle outgrows a given exercise the 
next ene'in order of strength should be substituted.(284) The patient should be allowed 
to go thrwgh all his exercises once a day for six days a week. The one day off pre.-
vent.s his going stale. Each exercise may be perfomed 10-12 times in succession pausing 
between so that the last one is done as strongly as the first. When contractures of 
j eints exist they should be done away with before exercises are init.iated. In all ex-
ercises and positions stretching of weakened muscles must be avoided.(13)(284) It is 
canmon knowledge that many of the muscles that at first appe~r to be paralyzed recovery 
spontaneeusly if the patient could be kept alive long enough fer recovery to take place 
especially as concerns such vital groups as the intercostals. This has been substantiated 
by the uee~}oi the Ilrinber Respirator in different sections .of the Gountry,l6) and is 
,- canmensurate with the path.ological picture in-se-far as the latter is reversible. 
Summarizing the treatment consists essentially of convalescent. serum therapy in the pre-
paralytic stage, complete rest in bed with mechanical relaxation !n proper p.osition .of 
affected parts during the acute stage, proper diet and elinination thr.oughout and rehib-
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-ili tati~n of involved muse le groups after subsidence of the acute stager. '.l.'his does not 
inc lude special measures indicated in bulbar paralysis which must be gov.rned by the 
individual muscles affected. 
PRCGNCSIS: 
Because of the fickleness of polianyelitis as eviclenced by its variegated clinical 
picture definite prognosis of course and terminatitm can ngt be given. However. there 
are various factors which have been observed to exert progncstic influence fa:rorable or 
otherwise. The first of these depends on the recognition that the severity of the system-
ic phase has no relation to the central nervous system invasion.{ 10) The second is con-
eerned with the recognition of the preparalytic stage and immediate treatment with serum 
for Galce reports that even with such favorable treatment paralysis occurs in a maj ority 
of the cases but of lesser extent and severity than the untraated.(14) The Harvard 
.Infantile Paralysis CorflJnission reports that the grade of paralysis is 63.6% for the un-
trea ted and 19% for the treated.{ 19) Aycock and luther show a lower mortality rats, a 
lower average total paralysis and a lower paralysis of the severer grades in the treated 
ease,s. ( 19){ 14)~. Hence, if a ca~e is not diagnosed until the onset of paralysis serum 
therapy mught be of aid in the sprsading type preventing further paralysis byt otherwise " 
of little value.(37) If the time elapsing between a positive diagnostic puncture and 
serum therapy is prolonged the chances of central nervous system involvement are enhanced. 
(37)( 14) In the San Francisc 0 epidemic: of 1930 it was an impression that when central 
nervcus system invasim Clccurred in the adult it was more severe, more widespread and 
more likely to end fatally than in children.{2S) In other epidemics it has been noted 
that the presence of relatively greater incidence! Silverman) of bulbar cases corresponded 
with an increase in the mortality rate.(33) 
Draper believes the cell cwnt of the spinal fluid to be of prognostic value in 
the first 12-lB hwrs aftar meningeal invasion. { 10) He believes counts under 100 rarely 
I 
develDpe paralysis. Counts between 200-500 usually develope paralysis and between 100-
/- 1000 fatality usually resulted with few exceptions. Patients with counts up to 300 oe ... 
casionally escaped paralysis. The approach ·of paralysis is he~lded by loss of tendon 
reflexes or twitching of muscles. If there is no progression of the paralysis 6-12 hours 
after the onset there will as a rule be no further weakness.l1O) As Ilar as thaultimate 
stage of recovery of the patient, who has passed the acute stage, is concerned, we must 
• 
depend on efficient after care so as to provide the best possihle chance for muscle 
and nerve cell recovery.\13) 1t has been found that complete restoration of power 
varies in different epidemics, those observed bj""'Ilraper varying fran 16-44%. (10) Thus" 
we may say as a rule that though paralysis is maximal at the onset its extent at this 
time is no accurate measure of its endurance. Mortality varies from 7-25% averaging 
14%. Death usually occurs on the 4 or 5th day and rarely after the 8th. The prognosis 
is better in the encephalitic form and in those with early c ana.l31) 
.EPID.Il}lI OLOGIS: 
The ess$ntial nature of infantile paraly~is has been determined within the 
twenty year pened during which the disease, escaping from its endemic hane in 
Norway and 5w&'den, has made its epidemic progress over the world. (13) (284) lnly 
the tropi~'i and even they not wholly, have escaped its raveges. 1t is probably just 
because infantile paralysis had never before prevailed in a world wide epidemic that 
we are witnessing the peri06iicaloutbreaks which are so tragic in their consequenees.(28'4) 
On the whole, the outbreaks have been larger and more servere in l'iorth America then 
elsewhere, and for reasons which will be considered later on, that are bound up with the 
nature of the disease. t 19)(284) 1n 1911 there lI&i' an increase: in cases in the United 
States, England, SeanClianavia, Denmark, these being the only countries with records.l1S) 
In 1916 there was a heavy outbreak in New York. Europe was not affected at this time. 
The United States was a site of another epidemic in 1920. and again Europe esc,apeci. 
Since 1925 there has been an inc rease incidencedail over the world. 'J.'huS!n1925 .New 
Zealand and Norway experienced epidemics, 1926 England. 1927 United States and 
Roumania, 1928 Scotland and Canada. 1929 Scandanavia. Holland and Italy. The increased 
incidence has occurred in waves over different countries in different years. (15) In 
the past two decades the disease has become established in this country and if the total 
numbe¥fcases has not shewn an alarming increase, the distribution has certainly become 
wider.{ 19) The larger outbreakiP'nave been in the northern areas of the country but 
cases have been re~orted from every state in the Union. The total number of cases of 
the disease from the Begistration Area of the United States for the past tw 0 decades 
is as f(jllows: -( 19) 
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1910 1303 1915 1796 1920 - 2350 1925 
-
5651 
1911 309 1916 28316 1921 - 6292 1926 2662 
1912 2648 1917 4197 1922 - 2265 1927 9487 
1913 2048 19.J8 2568 1923 - 3344 1928 5101 
1914 1555 1919 1945 1924 - 5256 1929 2830 
1930 
-
6556 (incomplete) 
Policmyelitie occupiee a relatively minor numerical position in the infectious 
diseases of childhood, yet hardly any disease is a terrorizing to the public, presents 
such a problem to the doctor and the health officer, or has been so perplexing to the 
epidemologist.(6) A child who has not even remotely been associated with any source of 
infectic:n developes a headache, fever, and vaniting, and often before it is realized 
that the condition is more than a trivial upset, J:'ennanent paralysis has taken place. 
These characteristics account for the public alarm in time of epidemics. For the doctor, 
the long drawn out case of these patients is a problem and two many men do not enc~nter 
this condition. often enough to be either familar with or to maintailll adequate facilities 
for the diagnosis and treatment.(6) (19) The health officer has to admit that he has 
,_ little to offer that will insure protextion against the disease. The epidemiologist eniP-' . 
counters unparalleled difficulties in the study of the disease for it is only in ex-
cept10nel cases that relationship can be established with othel casas.(6) There are no 
practical tests Df suspected abortive cases and healthy carriers capable of widespread 
use and the general epidemiology presents many seeming inconsistencies.(20)(lS) 
The virus of poliomyelitis lurks in the upper respiratcry tract and is given off 
into the air by the acts of respiration.{ 15) If a person inhales air c cntaminated. with 
the virus several things may happen. The virus may not succeed in implanting itself 
on the respiratory passages and die out due tc immunity of the host from previous contcet, 
or it may Ir:U Itiply in the respiratory tract and produce Ii reactioD by the host with no 
clinical manifestations which checks the activity af the virus and results in subclinical 
imJ'll,mity. If the reaction of host to invader is more severe clinical manifestations appear 
with the development of either an &l:bortive or full blown case of the disease. If the latter 
takes Flace the incubation period varies frQm 2-lO days with an average of 3-4 days and 
paralysis usually appears on the 3rd day after the onset. Again the virus and hest may 
assume the status of symbrosis with the develo,PJIlent et a healthy carrier. This ccnstitutes 
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the theory d infection ad vanced by Halliday. ( 15) 
If we grant that the virus is given oft in the respiratory secretions, it is 
necessary to consider certain factors at work in bringing about an epidemic of an en-
demic air borne disease. The fa.ret of these, is the rafract,ry period during which 
epidemics rarely develope. This is probably related to meteorological conditicns and 
is a constant facter. Secondly we must consider the varying phases in the equilibruim 
between activity of the virus and immunity of the general population. Ccmparing with 
measles as the actiVity of the infective agent. increases. the "herd" reacts by IJroducing 
c linica1 me,asles and also subclinical infectiGJls. In other wClrds, there occurs a visible 
epidemic of Bubc linical infections as a result of this herd reaction, imn:unity is raised, 
the influence of the virus is delimited and the epidemic declines. The infective agent 
cannot again provcke an epidemic until the herd immunity has fallen below a certain level. 
The fall is brcught about by new children being born among the 'pQ'pulation and the wearing 
away of the subclinical immunity. It has been deduced fran statistical data that wb-
o linical imlIUnity to measles is only temporary, lasting on an average of l8 months. (15)( 14) 
At least 95% of the adults of large cities have had measles, but only a small 
proportion\under 0.5%) have had classical poliomyelitis with l,·aralysis. The herd in;munity 
to the latter must be higher than to measles.{ 15) As sporadic cases continually occur 
and as these are scattered allover any city, the inference is that there exists an 
extensive and constant resivcir of infection. It this is so the maj ority of the popula-
tion must have Calle into frequent ccntact with the virus andundergone w'bc linical mmuni-
zati on which lasts longer than that to mea.sles. A proportion of the popu lation may also 
have acquired actually an abortive attack.(lS){20)(28Z) 
Illlri:pg every year even in the absencecf an outbreak the months of June to October 
prov'ide more cases cf Folianyelitis than frem November to May. Thus a refractory period is 
supe ril1posed en the phases of sew saw equilibrium between the activities of the virus a.nd 
herd.( lS) In this disease the number (,)f c linica.l cases is re latively small c CDi}ured to 
the number of sUbclinicc.l infectic:ns in contrast to measles in which nearly everyone at 
sane time ()f life suffers from the clinical disease. A graph of pcliomyelitis over a 
period of years cannot represent the predaninating phencznea, subclinical reaction on the 
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part of the hera and the epidemics appear irre~lar only because they are largely in-
vieib leo ( 15) 
It would seem the. t in the winter months when people are more crowded together 
there ,,,,uld be more carriers and more eases, but it seems as though the winter months 
for sane unknown reason constitutes a period refractory to the development of an epidemic. 
(IS) Thus the life history may be controlled by seasonal changes.(l9){6)(3)(15)(16)(3l) 
Dr. Keegan maintains that becs.use the gastro-intestinal tract serves frequently as;a 
port.al of entry the disease is more prevalent in summer and early fall because of the 
greater incidence of gastro-intestinal diseases in those months. Aycock considers the 
temperature change in summer t.c. be in sane way related to loweree body resistance and 
greater resultant susceptibility to the virus.(6) 
Populations in soncentrated con®unitiea which maintain a constant resvcir of 
infectiOl'l are spoken of as salted.{ 15) This c anpli-cates the problem of epidemiology. 
In isolated cOrmJunities or diffusely scatter_sQ populations the problem is simpler. Here 
we have a virgin soil and on introduction of a virus and a resultant outbreak all age 
groups are affected beca.use, due to lack of constant exposure there is no widesprea.d 
subclinica.l immunity and the disease spreads like wild fire.{lS) A contrast as regards 
age distribution of air berne diseases is found among concentrated populatiQls which 
are in frequent c ornmunieation with other populations. Here is a constant res voir of 
infection and interplay between virus and all of the population. The maj ority Clf {-ersons 
thus calie into c optact with the virus at an early age and owing to frequent exposures, 
ei ther build up subc linical immunity or take the disease in early childhood. Thus in 
an outbreak in Glasccw in 1928 - thz·ee-fourths of the cases were under 5 years of age. 
arld in the New York epidemic {)f 1916 over two-thirds of the cases were under 4 years. 
In Winnipeg in the 1928 (Jutbr&ak only one-third and in Manitoba the same year only one-
fourth of the cases were under 5 years.( IS) It seems therefcre that the age incidence 
in an epidemic of an air berne virus infection is an index of the extent to which a 
virus resvoir previously existed in the p,ppulation affected. The more constant and ex-
tensive the resvcir, the younger the predcminating age grOl~ affected. 
33. 
The ~ow incidence of clinical pol1Ollyelitie even in time of epidemics shows 
a high rate of immunity to the disease in the general population and the distribution 
of this immunity is c ox:related with the incidence of the disease n,ot only in the dif-
terent ages but witb concentration ,of population.(20) The mechanism by which this 
general imn:unization takes place is being sought. Since ~ickmant s,·suggestion of the 
probable occurrance of abortive forms cf the disease the impression has developed that 
much it not all of this immunity is accanplished through abortive attacks. Aycock and 
Kramer after intensive studies in Massachusetts and Vermont over a period of years were 
net c Convinced that large numbers of Buch mild cases occurred c,.oncurnmtly with an out-
breck of the trank disease.(6)(20H2) In October, 1930 tive trank cases of polianyelitis 
occurred in lled~ord, Mass. (population 1700) This gave Aycock and Kramer an opportunity 
to ascertain the incidence of abortiye torms.(20) Residence was established and his-
tories of illnesses traJ! two wee,ks previous to the appearance of the tirst ease to six 
weeks after onset were obtained. Such illnesses numbered fifty of which thirty-three 
._ were in persons under fifteen years of age. The neutralization test of Aycook was used 
to determine if the abortive eases were actually poliomyelitis, and was done on halt of 
28 chilGren _ the SaDe town, who had no illnesses and another' in an adjacent town where 
there had been no poliomyelitis t were tested. The resul'tot the imnunity tests in the 
three groups preyed identical. A high rat. of immunity in those who had passed through 
mild illnesses failed to materialize. The blood tor these tests was taken five months 
after the illness so that immunity would have had time to develope. These men concluded 
that widespread immunization of a pcpulatic:n does not take place entirely at the time of 
an Gutbreak, but rather in a unitorm manner throughout the year or ill inter-eplldemi<l 
periods, varying of course with variations in the presence of the virus in a community. 
(20)(6) 
Early students of poliomyelitis had little upon which t" construct a concep-
tion "f its eJ.:idemiology except by observations in attempting tc trace the infection 
r~ fr<.1lJ case to the next occurring in the viCinity. Onect the earliest theories was lOne 
that the disease is transmitted by ccntact.(6) This theory originated in the suspicion 
that mild illnesses c:anudent \\'ith frank C~lses suspedtec:l as abortive cases aided in the 
• 
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Dissemination of the disease. These were not found in numbers sufficient to acvunt 
for the spread of the disease. Then the sUPJ,osed transmission of the virus through 
healthy carriers was invoked. Failure to find the ~vidence usually sought to estab-
lish contagiousness and the observation of so many cases in which such circumstances 
could be ruled out, led to bizarre and mystericus theories as to mwde of spread of 
the virus.(6){ 15) 
Modern spidemiclogy does not deal alone with attempts to trace each case to 
its source of infection. although this is its ultimate object. .It included analysis 
of the more general ci~umstances under 'l:hich the disease occurs or with which its 
occurrence varies, and consists as much in ... the multiplication of p:cobabilities as in 
actual demonstra tien of fact. (6) The aceunu lation of data since the increased occur-
renee of the disease in the past 45 years and the axpe rimental transmission of the disease 
to monkeys have enabled studies to be made which are essential to an understanding 
of its epidemiclcgy. The mistake has often been made in assuming that the whole of the 
e}:idemiclcgy is. to be seen in the epidemic itself and it is large ly fran more indirect 
studies.with the limited available labora.tory tests that it is possible to formulate 
anything like a ccmplete idea of the epidemiology of poliOOlyelitis.(6) 
A point of first importance is the actual extent of the ,pread cf the virus. 
Frost first suggested, fr,an the more rapid decrease in the incidence of pGliomyelitis 
with increase in age in urban than in rural populations, that in older pers ons there 
is a widespread immunity fran previous exposura to the virus.' 15)(6)(2)( 10) Exposure, 
in spite of fewer clinical cases J as extensive as in such eanmon contact diseases as 
measles and diphtheria. That the extensive immunity suggested by age distribution of 
the disease actually exists has been demonstrated by Aycock and Kramer on a small but 
signigicant number of individuals at different age groups in urban and rural popula-
tiona by means of a neutralization tests.(6)(5) This test consists of mixing the serum 
t.o be taken with a fatal dose of virus, incubating for 2 hours at 37 0 followed by 24 
hours ~ ice and subsequent injection intra-cerebrally into monkeys.(29)(S) If the 
monkey fails to develope poliomyelitis the serum contained immune bodies and vice versa 
with gradations between as regards ccncentrution of immune bodies, paralysis and paresis. 
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When the findings of the virus, in the upper respiratory secretions of patients sufi'er-
ing from the disease J in animals experimentally infected and in healthy per·sons, and 
the ease with which animals can be given the, disease by placine:, a dtop of the virus in 
the nasol mucosa, are added to the correspondence between both the extent and rapidity 
of exposure to the virus. of polianyeltis with that of measles and diphtheria, when it is 
considered that exposure to the virus is as world wide as only contact infections are 
known to be. it is apparent that the early students of the disease were right.(6) The 
difference between the epidemiology of poliomyelitis and other contact diseases are 
due to differences in frequency with which initial exposure to the virus results in 
immunization or the clinical disease. 
Sane of the features of polianyelitis which hav6 seemed not to fulfill the 
crilteria for contact transmission which have been held as arguments against trans-
mission in this manner are the infrequence of contact cases, the infrequency of mul-
ti~le cases in families or"in institutions, the infrequency of transmission to nursas 
and .attendants of casas and more generally the tendency to l" .. <ral preponderance and 
the seasDnal prevalence of the disease.(6)(2) 
lkhen these features are viewed in the light of widespread imlIJunizati,on with 
low disease incidence the failure to correspond to the criteria of contact diseases 
can be explained. In immunization without disease it would be expected that trace-
able contact between_cases of poliomyelitis would be relatively rare and that the 
majority of cases would ari'se fran contact with mild cases or healthy carriers. 
Kramer reports a presumptive calculated carrier rate of lie would be sufficient to 
exflail'l a 90% immunization bf>tbe~,time adult lite is reached.(6){Zl) The infrequency 
of multiple cases in families and institutions and the rarity of the disease in 
nurses and attendants of cases can be explained in the same way, tor nurses as a 
rule being adults must be assumed to be immune trom previous eXf'osure and only a 
small proportion would be expected to c ontiract the disease on initial exposura, the 
rest being immunized withrut shovling clinical signs. Thus the occurrence of two 
cases of pc1iomye 1i tis amone, 200-300 nurses attending 1,189 cases in MaSSlil.cllusetts 
in 1927 is about the frequency of obvious contagion expected.(6) 
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An exception to an obscure rule as is the dissemination of the poliomyelitis 
virus in its usual manner may se rva to emphasize the rule. Thus the exceptional 
outbreaks of polimyelitis apparently distributed through milk have shown those 
departUI"3S in age, space and time distribution of cases which would be expected when 
the orderly contact dissemination of the virus is change d to simultane QUS and se lective 
exposure of a relatively large number of individuals.(282)( 18) A specific examf>le is 
reported by Aycock, Godfrey, and Knapp.(18) From 12-l4-2S,"to l4-25-2!:l there developed 
in Cortland, N. Y. a city of 15,000 population, eight cases of poliomyelitis in 
patients found to have consumed milk from the same dealer with one possible exceptiop. 
This dealer sold less than 4% of the cities total supply. 'fhe cases were widely 
enough distributed to make it improbable for the milk supp 1y to be a mere coincidence 
of ge ographical distribution. Added to the se facts was an actual ,t:-aralytic case cn 
the dairy farm from which most of the milk came. This patient was milking CO'A'S and 
handling milk for four days while in the acute stage and as the time elapsing between 
this ds.te and the dates of the onset of the subsequ~nt cases \tas consistent with the 
generally accepted maximum and minimum incubation periods, ~he chain of circumstances 
is as c,omplete as is found in the majority of milk borne outbreaks of other disea.ses. 
The characteristics of the s:pidemic concede also." There was a sudden of cases which 
developed all at once apfarently from the same contaminated single milking with no 
neliI ones subse quent ly. The cases attacked all age groups. 
'1'he idea of ru,ral preponderance of cases of poliomye litis has gained emphasis 
more from the striking occurrence of the disease in remote localities removed from 
other cases than from adequate statistical analysis.( 15)..(6) iiith the exception of 
1916 there actually has been such preponderance in the rual portion of the registra-
tion area. Cn the assumption of a constant exp osurs 1'8. te grea te I' in urban than in 
rural fopu1ations due to concentration of population the number of imaunes in an ur-
ban population would exceed those in a rural population. But due to the more rapid 
accumulation of imnunes in the former the number of initial exposures in a given 'period 
would decrease more rafidly in the urban group so that in time with an exposure rate 
in the rual population of only one half the urban rate, the number of initial expo-
sures would actually exceed those in the urban. Thus if immunization of a population 
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has already reached a more advanced stage before initial exposure results in the ois-
esse, the slower transmisa~bnof the virus in a rural population would result in a 
greater number of cases than in the urban group. 
Ayc ock has shown that the worst epidemics which we have could OCCla without 
any increase in the rate of spreadef the virus over that. which in order to maintain 
the degree of immunity shown to exist, must be occurring on the average all the time.(6) 
He also shows that if initial exposures take place at an even rate the year around they 
are sufficient in number in any given month to account for the largest number of cases 
of polianyel1tis occurring in any month even in the worst epidemics (aramd 2 eases per 
thousand). Thus the frequency with which initial exp..osure results in disease may be 
determined by the season at which such eA:r-osure takes place due to s eme seas,onal varia-
tion in the quality of the virus or in the resistance of the host.(lS}(6) 
That season may be an important factor in determining the frequency with which 
initial eJq:.osure t.6 the virus causes immunity or disease is sugge.sted by a correlation· 
of statistics of the disease in cool and warm climates with changes in season in the two 
climates.(6){ 16){34)(29} The occurrance of the disease in Iceland in 1924 suggests that 
the cooler the climate the higher the incidence though previously norther Europe and the 
United States were supposed to constitute the belt of greatest inciQence. The southern 
henlisphere has an incidence agreeing with corresponding latitudes in the Northern 
hemisphere. Thus in New Zealand the incidence is canparable to Norther United States. 
In the United St8 •• S tbe diminishing inc.l:Geneedils" the· Smthern latitudes .are approached 
is decidedly notieeable thQugh the immunity in the south is as great according to 
neutralization tests which showed 90;! of adults immuneo 'rhus the exposure to virus 
must be as great, but due to smaller fluctuations of climate the effect seams to be a 
lower incidence of cases on initial exposure. Thus though the incidence seems to vary 
with the degree of fluctuation of temperature fran winter to summer no change in 
virulence of the virus can be hypothesized which would explain both the seasonal and 
- climatic variation.(6) 
However climatic and seasonal change'S changes in the physicolcgy of the host 
may take place in such a way tbat by altering the resistance they could cause the 
Variations in frequency with which ex~osure would cause disease or immunization without 
disase.(6) Such an example is apparent in theclimatic difference and seasonal fluctua-
/-
tio.n shewn to a¥ist in the iodin content of the thyrGid and the resistance to certain 
poisons. Faj,lure d the patient to adjust normally might result in deficiency or im-
, 
balance greater in summer than in winter, greater in cooler than in warmer climates. 
Draper first pointed out indications of imbalance in the ~hysiooogy of persons 
attacked by pol1anyelliis.( 10) This w:ould suggest that some such failure of the body 
to meet the stress of seasonal adjustment may be the factor which determines whether 
initial exposure produces disease or immunization. He believes that susceptibility of 
the host and virulence of the organism is the chief factor. Hace is no factor, males a.re 
attacked more often than females in the ratio of 5 or 6 to 4. Halliday believes this 
greate r incid'enc'e of cent.ral nervous system greater in males than in females is a 
characteristic of all infectioUS diseases of the central nervous system.(l5) ~raper 
also describes a type of individual mora susceptible than the average. Such a person, 
if a child, is very often large, plump, with br.oad face, unusual dentiticn (50-60% cases) 
shewing wide separaticn between invisors, also suggested by association of diseas& with 
teething since first recognized. If an adult or adolescent type the patient may be 
more delicately made, usually brunette with only delicate dark skin and high coloring 
of cheeks and lips. There usually is a definitely, finely chisled prognothism and a 
tendency:;to crcwding of the teeth. Draper also believes that parental abnonnalities 
playa part in susceptibility, such as acrcmegalic and Fro!ich types. Cthers are darlC 
hair, fat faces and bodies, narrow shoulders, broad hips, knock knees, marked maxillary 
prognothism, widely separated upper incisors, large broad hands and great physical 
strength. The above observations were made by diagnosticians of the New York State 
Deputroent of Health in Long Island during epiciemics.( 10) Numerous instances of 2-5 
cases in families with such parental t¥pes occurred suggesting a true family suscep-
tibility. Environment and social status have little bearing on the incidence. 
The age of i\\cidence depends on the extent of the resvoir of infection. Thus 
in the New York epidemic of 1916 the following cases were over ten years of age -
between 10-15 years 94, 15-20 years 32, 20-30 years 40, 30-40 years 25,40-50 years 7, 
a total of 198 cases in 5, 486. Below ten years the age of greatest susceptibility was the 
second year.{ 10) 
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-The basis for the belief that immunity to polianyelitis is the result of ex-
pO.sJ.!re to the causal agent res.is on the findings that: immunity f.ollo'Ws an attack; 
immunity developes in experimental animals upon inj ecti on of the virus; the pre sence of 
im~~ne bodies in the blood stream parallels immunity to poliomyelitis as indicated by 
neutralization tests; and the ratio 'Which imuunity developes with reference to age and 
density of population is indicative of its development through contact.( 5) 
By parallel tests with the Shick and neutralization tests the parallelism of 
results strongly indicates a similar mechanism in devel:Opment of widespread immunization 
in diphtheria and poliomyelitis.{ 5)(21) By neutralization tests Aycock ana Kramer have 
proved that the virus is neutralized by larger proportions of serum from the older age 
groups than fran the younger groups both fran rural and urban districts and that urban 
serums neutralized the vir~s with greater frequency than rural serums.(5) Thus the 
neutralization can be considered a test of immunity. 
Because of the extent of immunity to poli.omyelitis, exceede the deDumstrated 
distribution of virus, and because it increases in extent with ag" the idea of wide-
spread 8ubc linical immunity has been epaillenge.LJiy scme, it being held that adult 
immunity arises spontaneously and is not of antigemic origin, lit maturation immunity.(3) 
Discussions of other possible explanations have aI-peared in eGiitorials under titles of 
Panimmunity and Phylogenetic - ImmunolDgic Recapitulation. Because of the far reaching 
significance of such conclusions, possible errors in logic must not be overlooked. 
An editorial entitled Panimmunity appeared in the J. A. M. A. in Vol. 96:775.{ ll) 
Its gist vias that the demonstration of virucidal properties in nimnal adult se rum against 
poliomyelitis reviewed the question as to whether adult imDllnities are due to previously 
unrecflgnized spec Hic infection. Arguments against such explanation we re based on a 
study of diphtheria immunity awony Eskima children in which the same per cent of imDllnity 
to diphtheria toxin existed as in children in croweed environment even though diphtheria 
was practically unknown. \ 11)(3) AyCOCk reputes such testimony in this group of iskimos 
as clinical diphtheria had been observed in this particu lar grDup se veral years previously 
and as .only a single examination of 200 healthy people had been done which would be in-
conclusive. He alse figured that a single carrier 'Would have been sufficient to account 
for the existing immunity and that such a possibility c,ou1d net be ruled out on a single 
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examination.(3) 
Friedberger, Bock and Furstenheim Gf Berlin suggest the presence in young children 
~f antibodies against such nOBinfectiolls agents as sheep and rabbit red cells, antigins 
that presumably never came into cDntact with their internal tissues.\ 11) They reJ;Drt 
that the umbilical blood of a new bGrn c,ontains n() such antibodies, at the end of 1 year 
20% yie ld 60% and by the tenth year 90;t. These hemolysms and agglu.tilIins remain at a 
ralatively high titer thrGugh adolescencst,early adulthood and then decrease giving 
quantitative curves simulating those for spDntaneous immunization of the adult pDpulation 
. 
to scarlet fever and diphtheria. These authors argue from Farallelism that anitbodies in 
growing children form and increase as a resu It of general 'maturation and that the observed 
mass immunizations to polio are nGt necessarily due to previGus subclinical infection. 
Certain factors which must be considered are that mutton and rabbit are C cmmon articles 
of <liet in Europe and that food proteins are only partially denatored. by cooking so that 
gastro-intestinal absorption of such proteins which has been demonstrated by Americans 
to take place gives us something in contact w~th the internal tissues to serve as an 
antigin with the production of antibodies.(S) Such food }roteins are secleted by the 
mothers milk as may be the antibodies, thus accounting for the appearance of antibodies 
t;O proteins of rab'bit and mutton before the child is old enwgh to ingest such artic lea 
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of diet. To prove that these antibodies are due to maturation immunity Friedberger must 
prove that the formatLon of antibodies is specifically stimulateo by the gastra-intestinal 
absorption of habitual foods. In fact such absorption has been advanced to explain the 
fact that we do not suffer from explosive protein toxicity, when due to injury of the 
gastro-intestinal muQDSa there is a sudden shower of habitual proteins.lS) 
That gastro-intestinal absorption of lindigested f;roteins does occur has been demon-
strated by A. F. Ooca.(S) He worked with a collodion sac, an air baadder fran a fish and 
the parliment diffusion shell. He showed that all egg proteins of egg white are dialyz-
able thrrugh all theee membranes used. 'fhe average hourly rate was <one part in twelve 
thousand. This is equivalent to one milligraim of egg protein absorbed intocfrculation,"by 
the end of fifteen minutes after s\'\iallall'iing a raw egg, assuming no increase in absorptioo 
surface and an identical peaneobility. He believes that this absorption" may conceivably 
maintain the human body in a constant state of immunization against habitual I-rote ins. 
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The process he calls automatic raw herring has a~parantly frcved such absorption to take 
~lace by means of sera frem ~atients sensitized to the above injected intradermally into 
ether patients with sU1ilsequent J;as:3ive sensitization and reaction following ingesti!ln of 
either the raw egg white or herring. 
Another inte:resting theory is that called phylogenetic - Immunolegic recapitulation. 
(9) It states that the current theories of allergy and immunity are based en the assumption 
that normal hUman ~roteins are unchanged in specifity frem the time the ovum is fertilized 
until death. It argues fer a dynamic protein specificity pictured as a ncrmal panimmunitYi 
and for the cons ideration of cbserved allergies as arrested maturations, atypical 
differentiations or embryonic protein reversion. AS illustrations £If the above views, the 
antibodies as a quantilative diagnosis £If age groups and the failure £If the Chinese and 
Japanese to react to Dick toxin are advanced.(9) 
In the virus diseases the only antibody er immune reaction, the existence of which 
appears to be generally ac.cepted cr for which practical tests are avai~ble is the 
virucidal antibody, which is shown by the neutralization te$ts,(6)(5) passive immunization 
and the curative eUect of immune serum. That the virucidal antibody is an indication 
·of exposure to virus is shown by the facts that. It is not found in an animal known not 
to have been exposed; It can be produced experimentally only by virus; and in ui,Fhtheria 
the test C orras}: onds with the te st for the antibacterial antibody.(3J In ~oliomyelitis 
because of the expense :of laberatory animal only limited tests have been used. These. tests 
are ¥8.luable in-so-far as they corres}ond with the more complete data relating to immunity 
in some of the bacterial .diseases. Again some one aspect of immunization may be shown 
in ,one disease and not in another. Thus the quantitative carrier rate in diphtheria can 
be obtained by a comparatively simple technic. Here the; extent of distribution of the 
organism can be proved sufficient 10'0 account for the observed adult immunizatj~i.i l~o such 
evidence can be pro"d for poliomyelitis though the occasional findings of virus in 
nasal secretions of healthy persons mught be indicative of a carrier rate e~al to that 
,- in diphtheria and thus explains the immunization of 9070 of the urban population by the 
time they have reached adult age.(ZOOZl) 
If adu It immunity is attributed to exposure to virus such immunity must either 
reJ;resent pEUtllanent immunity frQll the initial eXI-0sure or more or less temporary 
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immunity reinforced by subsequent ex~osure often enaugh to maintain the accumuktted 
immunity observed with increase ita age.( 3) That such reexfGsure may be an iml-ortant 
fact.or is emphasized by the suggesti,on of scme loss .of adult imnunity in later life 
corresp onding with a periO'i ad d~minishing chance of ex~:osure, shown by ChaI:in in a 
diJil.inishing attack rate among non-immune persons. 
Fran the c onsidera tion of a number of diseases, each one of which represents 
particularly well one or another element involved in adult i~munity • .one is led to be-
liave that what has been called panimnunity is evidence of j:-aninfection.(3) In those 
panimmunizing infectious agents which are transmitted by pers on to person c ontact it 
1N{)uld aI-pear that the host-l-arasite rela ticnship represents a tne of parasitism so well 
adopted t,o ordinary and irreducible human contact that there is little ho~e of bacteri-
ol.ogio control of such diseases in checking the spread of respective etiological organisms. 
A briefteview of several epidemics with their obviDus implications will serve to 
illustrate sane of the factors pointed out in the previous discussion of the epidemiology 
of Poliomyelitis. The first to be considered is a clinical analysis tty Silverman of ./leu te 
Poliomyelitis in Syracuse, t~ew York I)Ccurring in fivEksuccessive outbreaks from 1922-1929. 
(33); Aa a basis for ccmparison in the 1916 epidemic there were 229 cases with 64 deaths 
in a population of 160,000. ln the former outbreaks the incidence of cases up to the 
age of nine years cqj.stituted 78-79% of the total number of cases in the yea.rs 19~~, 1924 
and 1928; 64% in 1926; and 707; in 1929~ The incidence of the disease in males fredaninated 
in all the epidemics. Dnly two colored children lIere affected ",bich is half the expected 
indicence based on percentage fOpu laticn. With the exce}ticn pf 1922 when the lI1aj ority 
of cases started in September, the mDst marked incidence was in August. Deaths were also 
the maximuDl in August. excel-t in 1922 when the peak occurred in October. In a general way 
f(lei spread fran one part of the city to an adj;oining I-art and -uften a relationship seemed 
to exist among cases in any given locality even though actual eAic0sure tc cases by contact 
was rarely pr:oved. 'rhe incidence of types of the disease is as fellows!-
Spinal - 63% in 1922 and 24 J 411~ in 1926, 58% in 19~a. 4110 in 1929. 
Bulbar and Bu1t'-Sfina1 - 22% in 1922, 810 in 1924, 21"- in 1926, 12.5J'o in 1925, 2970 in 1929. 
l\I;ortality - 20~ in 1922, 7% in 1924. 1710 in 1926,8% in 1928, 18it in 1929. 
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There is a marked J-arallelism beheen the incicence cf bulbar and bulbo-sFinal cases 
vdth :Faralysis and the mortality rate. There ~ere relatively more deaths in the higher 
than the lower age grcups. The above report covers 200 cases in a population cf 200,00,0. 
Thus while the 1916 epiden:ic showed the expected incidence for moderate ly setere eJ:;idemic ;, 
the suesequent outbreaks showed only half the expected incidence necessary for a severe 
efidemic.l2 per 1000) This corras:pmds however, v;ith the number of colored children affect-
ed which wa.s half the ex:pected incidence. Because these outbreaks occurred in a large city 
'where there was a constant res voir d infecti cn the majarity of cases occu ned in children 
up ta 9 years cf age which is in agreement with concepts }revicusly expounted. llhe great-
er it)eidence cf spinal types over others is characteristic and the increased mortality 
corresl-cnding to the increased incidence of bulbar and bulbospinal casas is expecte.d be-
cause of known severity d the latter tYFes. 
C. M.~ Hector noted that the 6}:-idemic in the \'1ellington District of New Zealand 
began in late s}ring and tan through the warmest }eriodcf the year, dec lining with the 
~- advent d cool ,eather.( 16) He also noted that the warmer parts "f the country suffered 
lIIore than the cool which is at variance "vith the findings of Aycock though the occurrence 
of the 6:f;idemic in the warm season is in ac cord with the views of the latter. Jv.any cases 
were f, cted where a se riesof abortive ca.ses in fardiies led up to a }aralytic case. sholV-
ing increase of virulence lihere circun.stance favored .or individual alteration in sus-
ceptibility t c an org£miem whose virulence was c c;nstant in-so- far as such a g,r'ouf was 
concerned. 89% of the eases were in individuals under sixteen ;i"ears of age. Tbere WliS 
no general relation of cases to p;Opulathm density and the mode of spread was cvnsidered 
to be chiefly by direct c c:ntact. 
The report of Tbelander, Limier and Shaw of poliomyelitis in California in 1930 is 
interesting because of the greater proportion of adult cases than in eastern el'idemics.(23) 
em 'qjle San lt~ranc isce epidslr..ic cf 1930 there were 268 cases J 72 of v..bich or 46.8% cceurred 
in persons over 16 years of age. There we're lB3t5 cases in the \1ihcle of California fc:r 1930. 
21.47:% of thds number occurred in l'atients ever 15 years of age. The adult incidence in 
rural sections of 19.37% was exceeded by the adult incidence .of 23.5710 in the larger cities. 
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-This report represents a study of 60 adult cases Vthose ages varied fr()[L 16-47 years, 
th{J~Eh the maj ority cccu rred in the younger adu lts. Ma.les rep-esBnted 55f, and fema les 
45':' of the ct'ses. A large number of sccially and f'inaccial1y prominent people were 
affected. The early symptoms as described by the pat.ients Viera invariably ascribed to 
recent indiscreticns in eating and drilrlking or to continued vocational strain. 'l'he in-
cidence and severity in this epidemic are in contrast to the view that the disease is 
especie.lly limited to children. Apparelrltly Hallidays' theory "f clmstantresvcir of 
infection with widespread subc linica1 immunity among adult,s does not apply here at first 
en superficial scrutiny. The Cases occurred to scme extent in those whose chances for 
immunization thl'cugh repeated eXl~osure had been reduced to a mlinimum. It wall suggested 
that policmyelitis had not been widespread on the Pacific coast for a nUlLber of years to 
an extent c CfIlJ:;arable v-ith that on the Eastern seaboard and that acquired ir:lmunity was less 
than in the East v.:here most of the stucies have been made. 'rhe disease itself was more 
severe in crurse seque lal and mortality rate which \~as 27% of the adult cases or 70% of 
the total for the wh()le epidemic considering all age groups. .it was noted that adults 
withstocd eXFcsure to the disease more successfully than children. They waged a lLore 
vigorous defense against the diseese when it was cnce acquired but when central nervous 
system involvenJent ()ccurred it was likely to be m..cre seiere. more wici.espreaci and mcre 
likely to result fatally. Because there had been no c,;.nstant resvcir of infecti,on on 
the Facific coast for a number of years the region could be considered as relatively 
virgin soil. Thus those in the cities would be as susceFtible as those in the rural 
sections. When an epidemic OC'curred we v.:ould expect it t,c be mcre severe in the cities 
for here the virus could pa,s:::through B.;;1.arge number d, individuals in a relatively shcrt 
time steFFing uF the virulence sufficiently so that mc.re, adults contracted the infectic"n. 
We would expect thie incidence in adults to be groater in th6 urban than the rural 56c1icn8, 
and that the course of the disease would be more severe. These facts a.re ~corded ccn-
earning th~s epidemie. 
A sharp increase in the incidence of Fcliomyelitis was noted in New Y,ork City 
during the week ending July 25th.(ZS) \\hile only 35 cases had been re}orted in the city 
during the first half of the year, 195 cases 'fiare reI-crted during the single week of July. 
19th, 1925. Cf these 155 .ere in Brooklyn, Vihere the 1916 outbreak had its beginning. 
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The rar-idity of the incre~,se suggested the foasibility of an unusually high frevalence 
extensi{;'tl to other r-laces but the late beginning signified a shorter- and nlUch less exten-
sive outbreak than occurred in 1916, when the significant increase began early in June 
bf.lth in New Y(lrk City and upstate. In the latter outbreak there were 9,000 cases in the 
city and 4,000 in the rest of the state before it ended in (etcber. The recent e}:idemie 
en the basis of rel,crted cases began three weeks aater than in 1916 thoug,h due tc failure 
to refort cases with onsets a month previous tc those first rel-orted in the latter the 
actual difference.intime of OrJset was 2 months. The first ufstate fceus tc develor-e in 
1931 l:as in Hudson which cccurred in the same city in the 1916 el-idemic. However the 
first case in 1931 ~as in the third week of July as cumpared ~ith the first week in June 
in 1916. The f(lllovdng table indicates the J;rogress cf the 1931 ez::diceruic. 
New York City Upstate. 
1916 1930 1931 1916 1930 1931 
First 6 mo • 331 15 34 60 29 31 
. -
July 3, 443 4 620 611 41 47 
Aug, 1-8 1, 410 6 659 313 20 31 
Aug. 9-15 1, 089 2 512 ~32 46 88 
Aug. 16-22 831 4 422 440 67 133 
~ 
Aug. 23-29 635 4 432 415 25 180 
Aug. 3O-Sept. 5 412 
° 
347 381 47 206 
Se;:-t. 6 
-
12 361 5~ 175 
2, 913 334 941 
'rota 1 8, 470 36 3,280 
The marked incree;se in cases in New York City cccu rred especially in the 
Borough Cif Brooklyn which silllU lated the 1916 efidemics. In the latta r c vnfirmatcry 
evidence of a greater incidence than was indicated by reports came in the increase in 
calls for assistance in diagnosis and the appearance of several recently pantLlyzed 
infants at the Baby Health Station se rving the affected area in Brooklyn. In the 1931 
epidemic a ccnvass failed to discover any unrep~rted cases. 
A prelininary rel-ort was available for the upstate epidemic but not for New YiJrk 
City. Up to December 1st, 1, 968 cases hud been reported upstate. Of these onll" 31 oc-
rreel in the first half of the year. The peak of the epidemic was reached in the week 
ending Sept3mber 5th when 206 cases were reported. For the week ending Decembe.r 5th 
there were cnly 14 cases re}:Jorted. therepidemic!:being nearly at at end. Frier to 
Seftember 1st - e).~ of the cases were concentl6ted in the counties in the vicinity of 
New York City and in the counties along the Hudson river and vicinity. About the latter 
part of September case,s began to be reported fran a more extended and 1Iliidely scattered 
area. At this time there was a tendency fCir the incidence to be relatively higher cutside 
the area of greatest previous preva lence. Of 1789 cases on which this ref crt is based, 
728 or 43. 5i~ were urban and 1, 0 II or 56.5% were rural. By rural is meant all inc OF} crated 
places under 2500 and all uninCoTl'CTated territory. Tha urstate I_cpulaticn as of 7-1-31 
was 63% urban and 371< ru~l. The urban case rate per 100,000 was 2l.S;t as of 11-1-31 
is less than one-half the rural rate of 48.5~. 
In this outbreak more than ho-tnirds or 67.2;' of the cases were in Children under 
10 years, 33.7% under 5 years and 33.5% in the 5-9 year group than females and the latter 
more cases under 5 years than males. 92.3;t of the cases VJere under 20 years and only 33 
cr 1.9% nre under 1 year • .He1atively mere of the urban cases were in the lower age groufS 
as CU'llfared with the rural cases. Of the 778 urban cases 289 or 37.1% 'lere under 5 years 
and of the 1,011 rural cases 313 or 31'" were in the above group. The J.ercentages for the 
5-9 year group were ab()ut equal for beth rural and urban, those over 10 years the inci-
dence was 5% greater in the rural secticI1.s. Thus in the latter 355 cases or 35.1", were 
over 10 years while in the urban cases 2.32 or 29.9% were ever 10 years. 
Of the 1789 cases studied 1,053 or 59% were in males and 736 or 41% were in females. 
The ratio for all ages was 1.43 £fto If: Under 5 years cI{.32 and.f.}; 5-9 years cit.61 and -t-.' j 
; 10-14 years 61.73 and !pl; 15-19. years~.28 and fiJi 20 years or ove rCO.S7 andf/-1; 
The sex distribution for rural and urban cases was afproximate1y the same. 
Based on data available for 1,275 cases in 1,197 families. 95j1. of the families 
had only one cese each and the remaining 5~ had niultifle cases. 2 cases occurred in each 
of 53 fatLilies which is 4.4~; 3 cases in each of 8 families, or 0.7%; and 4 cases in 3 
families, cr o.2i~. 
In the 1931 epidemic the death rate was 8 per 100 against 21 per 100 for 1916. 
The age groups are as fellows -
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all ages 8 per 100 10-14 years 9.5 per 100 
Uneer 5 years 5.3 per 100 15-19 years 11.1 per 100 
5-9 years 6.8 pe l' 100 40 years cr over 18.2 per 100 
Sumnarizing, in this efidemic,vie have a typical illustration of foints e;sl-cs-
tulated under the earlier discussion of epidemiclogy. The el-idemic began in mid-summer, 
reached tts peak late in August and early September and decreased with the advent of 
cold weather. It began in a location where presuma.bly there was a constant resvcir of 
infection though there has be0n no real epidemic in New York. City siljce 1916. Vlith the 
large numbers of ne\'\: births and the wearing away of subclinical imunity to some extent 
due ,tc dimminished expcsure is. compared to that in time of epidemics it is plausible to 
expect an epidemic VJhich should be in and around New York City and then. spread to the 
neighboring cvunties as did this epidendc. 'fhe greater total incidence in the upstate 
eJ:diemic cf cases in the younger age groups corresl-ends with the idea of a c "nstant 
resv(Jir of infection with earlier exp:;;su ra and immunity • Most cf the cases occurred in 
lUral "'.reas and the incidence as shown by case rate per- 100,000 was over twice as great 
as in the urban centers. This is to be expected if we remelnber that due to greater 
eXf,"sure the urban inCidence is less. tban in ru:ral sections. In addition, -we would 
expect a greate_r incidence in the lUral sections of cases of the higher age groups • 
. These facts are borne wt be rec ords. s1S has been the case since epidemics were fir1:Jt 
studied, contact spreads in th,is disease can only rarely be recognized in a small J-ro-
porti en of cases and here it c oula only be suspected in ao out Sic of the cases. 
The basis that immunity to poliomyelitis is due to eXI.ceure t,c the Clausal agent 
rests en the following fa.ctai 
1. Active immunity of the disease, no matter how slight the intensity of the latter. 
2. The development Clf immunity in an experimental animal by injection of graded 
doses c,f viras. 
_ 3. The r:resence in the blood stream of antibodies which parallels the immunity as 
indicated by neutralization tests. 
4. The rate at which immunity develc.pes with reference to age and density of population 
is indicat'-"lTe,.a its developulent through contact. 
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The abcve facts must be ccnsidered in any discussion of the value of serum 
therapy in poliomyelitis. The se~a used are four in number; convalescent, anti-polio-
myelitis Horse serum, normal adult serum and the anti-streptococcus serum advocated by 
R(Jsenow. 
First, the use d anti-strept,ococCuB SEJrum will be c onsi~ered. Since it is 
generally believed that the streptococcus is a sec cnchny invader and not the etiological 
agent in poliomyelitis and since it has not been possible to produce typical pcliomye-
litis in ex.perimentsl animals by innoculation thiB organism it is dcubtful that this 
serum has any speci!! value. Its use in treatnlent Cit the disease has bot been axtensive 
enough and there have not been sufficient controls for c c.mparison so that its seeming 
value arouses the suspicicn that possibly a ccnsiderable number of cases wculd uecover 
without such therapy if seen in the preparalytic stage and given proper ~st and symptoma~ 
tic t reatment.(282) This latter fact applies likewise to herse serum and human· serum 
. . 
and constitutes one cf the bafi"ling problems in the evaluation of serum therapy in general. 
In 1910 Flexner reported an attempt to produce an immune hDrse serum a6ainst 
pclicmye1itis.(26) He injected trypanized filtrates of cord and brain suspensiClns of 
children who had died of poliomyelitis, into a horse. These injections were aarried 
over a period of 13 years. The serum was then obtained fran the horse and it protected 
a monkey frOll an intra-cerebral innoculation .of 0.5 cc.of 5% suspension of a potent 
virus. In 1918 August Petit continued this work using a horse serum and a sheep. His 
serum neutralized the virus in the proportion of 2 pi1.rts serum to 1 part virus. Banzhof 
subsequent ly with a known virulent virus produced a potent horse serum and cClncentrated 
it so that 1 part neutralized 100 parts d virus in vitro. 'l'he attempts to froduce an 
antipcliomyelitis horse serum probably were based on the production of diphtheria antitoxin. 
and acc~rding to the tenets of immunol~gy it is a logical step in securing large enough 
reserves of protective substance which can be standardized and are readily available in 
time of epidemics. The ef!eiacy ~f this serum was tested by Neustaedter on 4 frankly 
paralytic eases in the United States and by Netter of Paris {)n 2 such cases. 'The latter 
used 500 ce. of se rum sent to him by the Americans. He also used anti-polij)myelitis 
horse serum on a single case of landry type in 1910. The serum was given 40 hours after 
onset of paralysis with complete success. Again in 1913 he gave serum to a case 50 hours 
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after onset Df the paralysis with complete disappearance Df the paraplegia and retenti£:n. 
Petit Df Paris reports a. high degree cf success in 60 frankly para.lytic ca.ses. Horse 
serum can be concentrated which is an ad vantage in administra ti on. 
Tbe intra-spinal injection of horse serum in man produces violent reactions such 
as temperature 104-105,0 c onvu 18ion& and even c ana.{26) The muscular and venous routes 
are devcid of such uDpleasant effects. To foresta.ll an anaI-hytcetic reaction a pre limin-
" 
ary dose of morphuce gr. t and atropin gr. 1/100 shoo ld be give,n. Then in several minutes 
a few mimms of serum subcutaneously and if there is no reaction in lB-20 minutes it is 
sagetc proceed. '!'he dose ef unconcentre.ted horse serum is 20-30 ce. q. day or on alter-
nate days. In severe cases 20 cc. may be given twice a Clay the dose being continued 1I'ntil 
the temperature drops or until 10, doses have been given if necessary. The concentrated 
serum is given in 5 ce. doses. 'hen given by muscle a He-rxbeimer reacticn occurs after 
the third dose. This is abviated by venous therapy. The production of anti-poliomyelitis 
heree serum is fraught with many difficu ltiee as is indicated by the fact that 1)r'. Park 
in 1928 found that the !iorse of Fle.xner had no neutralizing power after being carried alcng 
a c cuple of decades. At present such serum does not seem to be of widely accepted value 
pr()bably because of the comparatively restricted use due to limited supplies and cost. 
Convalescent serum therapy is based on the following evidence: One attack appar-
ently conters a lasting immunity to the disease; the bleod serum of persons who have 
suffered aD attack of the disease and that of monkeys v.hich have passed through an attack 
of the ex})erimental dieease neutralizes the viruej J1m,08S convalescent serum ~\hen tested 
experimentally exerts a protective action against the virus.(28z) 'Ibus in 1910 it was 
cHsc overed at the Roc kefell'er institute that the serum of the blood of a rec overed pati~nt 
when mixed ,,'lith the virus rendered the latter inactive and aleo that When the virus was 
first introduced into monkeys and the serum from rec overed humans or monkeys was inj ected 
24-48 hours later, the onset of paralysis was prevented. This is the experimental 
foundation fer the use of convalescent serum which was first used on may by Netter of Faris 
in 1911.(28 2) It is now known not to be of value when paralysis has been present more than 
24-48 hours. The earlier its administration after the onset of symptoms the better the 
results. 
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~Hth convalescent serum it has not been Fossible to use a product c,f standard 
strength as is the case in other serum therapy.ll) Each let of serum employed is only 
Fresumptively good. 'rhus we wmld not expect as great a cone~JItraticn of antibodies in 
a patient himself treated with convalescent serum as fran a patient who had suffered a 
frank attack of the disease.without such treatment:(l) This statement is based en the 
accepted results of passive and active immunity. The actual evidence that the above 
condition is possible is suggested by the f:'ndings of Shaughnessy, Harmon and Gordon.\ 12) 
They showed that only in four of seven persons, whcO had suffered fI'm poli,omyelitie fran 
6 mD. - 2 years befDre test, did the serum neutl'alize the virus. Aycock and Kramer, in 
60 tests with 41 samples of which 24 were pooled 110ts from 3 OT 4 Fersons, had 5 failures. 
(12) These were two of the individual samples and 1 poeled sample fran 3 individuals. 
There was no statement as to whether any of the cases whose serum failed to neutralize 
the virus had been treated 'with convalescent serum at thE,l time of their attack. 
Another disadvantage is that patients have net been lite.ated individually but 
with an arbitrarily uniform dose .of serum. This is certain to }rcduce imperfect results. 
(1) Since adequate controls have not bean available and since it is not possible to 
predict the severity of a case during its early stages the results .of this tYI-e of therapy 
have been criticized on the basis that by reason of early diagnosis, mild and non-paralytic 
cases are inc luded in the c cmpila tion of data which Vi,ould .ordinarily be missed in the 
untreated grwp.{ l){ 19) Howe vel' a numbs I' .of investigations have failed to unearth any 
large number of n:ild cases and Kramer has noted that 65% of cases treated by himself 
ano colleagues actually developed sane ferm of }aralysis, thus indicating that they were 
nlilt treating non-paralytic forms .of the disease. Even allewing for the inclusion of 
such cases the ()utcane .of serum treated patients is en the average se much lIlore favorable 
than untreated patients reported in the same .outbreaks that the use of convalescent serum 
must be cot,lsideredas effective. '.l.'he Harvard Infantile ParalYSis Cemmissicn reports the 
resu lts of treatment of nearly 300 cases c cmpared with a similar group of cases seen t co 
late for treatment. Cove-ring a perioci of four years (19) the following points were noted: 
The differenees ,observed between treated and untreated groups in any single year are almost 
duplicated in other years; The lower average paralysis of the treated group; Cnly a small 
proportion lof those treated fall into the severer f(;irms c,f l-aralysis referred to as a 
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·'.trace" and n gene,1I thd.s gradee! paralysis i'or treated being 19 and for the untz-eated 
63.6%; And til. low Cess mortality rate has been the rule in the treated c&se5.(21) 
Since the supply of convalescent serum is necessarily limited, it seems possible 
in the light of recent tests suggesting that normal serum frClIl adults may c ontain as 
nuGh or more of the neutralizing property than convalescent serum, that the development 
of the use of normal adult serum may greatly facilitate senun therapy.(4){ 5)( 12) Such a 
finding is to be expected when it is cDrrelated with the iQea that immunization v.ithout 
aI-parent infection constitutes the chief feature of poliomyelitis. Shaughnessy and 
his associates f.ound that the serum of 13 out of 15 or 67% of normal perSClllS with no 
history of the disease neutralized. the 2:irus. 11 in a dilution of 1-30 and 2 in 1-200.(12) 
8 cf 9 persons £lver 12 years gave positive neutralization tests and the 2 highest tilers 
were in normal adults. Aycock and Kramer found that in 46 urbane 32 or 70'10 neutralized. 
the virus. Of 34 - 5 yel'lrs .or older, 27 or 86% neutralized the virus. The figures for 
rurals were much lower as we \Val Id expect fran lewer a-nd less constant exposure rate. 
Thus of 29 rurals 6 or 20.7% succeeded and 2.3 or 79.3" failed to neutralize the virus. 
Aycock also tested 21 adults in Atlanta; Georgia. with 18 or 86% positive results. Thus 
tne virus is neutralized by larger prof0rtions. This is the basis for the use of nonnal 
adult serum in the treatment of poliom,elitb. This finding also suggests the necessity 
cf testing all samples of convalescent serum for potency before use. This would require 
a laboratory equipped with monkeys at ~15 a piece and a. standard virus. Such prodedure 
wwId exclude samples of no value thereby raising the average an,tibody content. of pooled 
samples. It would also allow the testing of transfusion donors fer possible stocks of 
serum. and direct transfusion in severe cases. Normal adult serum was used in the treatment 
of p olio by Zingher of the N. Y. S. D. Health in 19d6. 
Experimental data are needed as to the serum reaches its height and the tiler 
of the serum according to the length of time elapsing from the attack of the diseetse. 
Blood may safely be d'r-awn after all sympt oms of the acute s.tage have subsided notab 1y 
fever and ILUSC 1e tenderness. Sr.ec5mens taken years after the disease neutralize the 
vlrus giving rise to the belief of permanent immunity followinb an attack. Donors for 
serum are obtained thrDugh after care-cliniCS, local health depirtmenta, ~hysio-theraI-y 
departments, splint and surgical bootwear and by direct iil.}peal through the newspapers. 
fA bleeding clinic in Vihich a number of persons could be seen at the same time ".Duld 
facilitate collection especially in time of threatened epidemics. 
Actual collection consists }rimarily in getting the blood from ttlil patient 
using straQt asepsis and antisepsis into a sterile collecting ccntainer.(l) It is 
then incubated at 37°c for an hour to promote elot retraction and then placed in an ice 
box. over night or for several heurs. Y cung cel1trifugds the D lood after it is collected 
for a half hour instead of incubating.(35) After the sojoum in the ice-bOlt the blood 
is centrifuged fer frem 10-15 minutes at 1500 revolutions per minute. The serum is then 
aspirated into a special outfit smaller than the collectin& set-up, care being taken to 
prevent hemolyns and staining of the serum with diffused hemoglobin. The latter increases 
the initative effect of the serum on the leptorneniges. Young then places the serum in 
large tubes for inactivation, which is accomplished by ~lacing it in a water bath at 56°c 
fer Ii half hour.(35) Samples are then taken fer a wassermantast and for sterility as 
ree ommended by the Hygie nic laboratory. 1f these are negative the remaineer is put up 
in ampules .of from lD-20 cc, sterilized and heanetically sealed. The ampules if kept 
in the ice-box retain their potency for at lea.st a year without preservative according 
to Young's experience. Aycock uses serum stored with and withwt preservative but is not 
able to state the effect cf the latter on the antibody content.( 1) .Allan Lilley uses a 
complicated set up for collection and preparation of the serum for which he claims the 
advantages of absence of danger ·of clotting in the needle ,;,hile withdrawing blood and the 
use of Ii needle of approximately only half that usually used.(22) However the apparatus 
is s.o ccmplicated that it requires an expert to operate it, it is bulky and not readily 
transportable and does not give any greater proportion of finished product than the 
silTIf-le ·methods. F. G. Morgan uses the simple method of collecting and as}Jirating bottles 
but places It cc. of a 10% solution of potassium oxalate in his collecting bottle. Be 
lets the blood set over night, centrifuges it and then adds calcium Chloride alli' 1.022 
specific gravity the quantity used being determined by a.special fonnula.(25) His 
apparatus is immersed in melted paraffin before use so that the blood will not clot in 
the c cllecting tubes. By this method he obt!:iined 38.270 of total blood volume ramoved 
in the fOml of the finished bottled product. This is n.ot more efficient than the first 
method described and the cemplicated determination by mathematical fonnulais a definite 
d isad vantage. 53. 
As yet there are not sufficient data e linical or experimental to deten.'line 
what c cnstitutes an adequate d cse of convalescent S3eum or what is the best method of 
administ ratioo.( 1)( 14) Bacause of difficulties in obtaining serum the dosage has been 
regulated by supply and demand rather than with regard to its adequacy_ This is i11us-
tn~.ted by the suggestion of the New York State Department of Health of a total dosage 
of 45 ce.; 10-20 ce. to be given intraspinally, in the recent epidemic (1931) .(:;;a) Again 
its use is further Festrieteo, it being required that an authorized representative pass 
on the diagnosis before serum administration. The serum is not standardized and what 
would constitute an adequate d osage of one lot might prove inadequate with another. 
The average total dosage varies between 30 and 100 cc.{2S) As the serum must reach the 
spinal fluid to prevent paralysis and since in epidemiCS j.iaralysis oocurs on an average 
of tbe third day from onset, intra-thecal injection is indicated as the route of choice 
during the preparalytic stage.( 14) Because the disease is systOOiie intravenous and 
intra-muscular injections of serum. to cpmpliJ;nent the spinal injection should be cone 
at the same time. Because lumbar l'uncture before central nervous system involvement 
by its lowering of resistance .of the choroid plexus facilitates spinal fluid invasion 
and subsequent nervous system invasion immediate diagnosis and treatment with the needle 
remaining in ~lace in the interin is indicated. 
The patient is placed in the usual position for lumbar pr cystarnal puncture, 
the point of election pre.pared with iodine and alcohol and the needle inserted. As much 
fluid as can be obtained is withdrawn and should be examined.at the bedside. If more than 
20 ce. is obtained 20 co .of warmed serum is instilled without pressure. Following 
intrathecal injection Aycock slowly injects 60 cc. ,of warmed serum into the veins of the 
eloow.{l} Then he repeats the intrathecal injection the next day and if the patient still 
has fever he repeats the intravenous injection. Although the New York State Department of 
Health suggests a total dosage of 45 ce. because of supply and demand it prafers 80-90 cc. 
for a case.{2S) In the Winnipeg epidemic of 1928 and in the Cntario epidemic of 1929 human 
immune was used intra-muscularly in 25 ce. doses with good results. ln the form$r 93~ 
of cases so treated during- the acute stage recovered without paralysiS. ln the latter 
80.7"/0 of the cases treated hefara the onset of :;.,aralysis made comJ;lete recoveries. all 
treated cn the first day recovered and 87;( of those on the second day. The Fercentage 
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·of crop lete rec ovaries diminished on succe~ding days and all trea.ted after the 5th day 
were paralyzed. In the city Ottawa, 95% of the cases treated with serum before }aralysis 
recovered completsly.(Z6Z} The fatality rate in the above epidemics was very low either 
because of prompt treatment or low virulence of the virus. Young uses 10-30 ce. of serum 
intra-spinally twice a day in severe cases and once a day in the moderate types depending 
on the age and size of the patients. Cysteonal injecti.ons are given by him in bulbar cases 
and he believes intra-muscular injections are of value at times. He has seldem found it 
necessary to give serum more than two days in succession.(3'S) Gonce suggests a dosage of 
10-30 cc. by apine and an equal amount by vein or muscle.( 14), Helms uses 20-100 cc. 
and believes administration is justified even as late as 24 hours after the onset of 
para1ysis.{17 ) 
Reactions to c onva1escent serum are encounter·ed not infrequently, though they are 
. 
seld an alanning.( l} The most common raac tion is an increase in the meningeals signs of 
stiffness in the neck and back, presence of Ke~igt s sign if a.bsent bef.ore, an increase 
in the numbe r of cells and a possible diminu.tion ·of tra:nsluscence of the spinal fluid 
$,0 that it may even appeEr turbid. The amount of fluid may be increased. This reaction 
may last from 24-43 hours. 
The next in frequency of incidence is the o~currence of a chill, a sharp rise in 
the temperature (105°) frequently accOInf,-anied by vaniting. This reaction canes on usually 
about 15-20 minutes after injection of the serum •. hnother reaction is the complaint of 
abdominal pain and pain referred to the legs after the spinal injection. Though this is 
occasi;Onally severe it is of short duration and is }-robably due to too rapid injection of 
the serum. ,Ayc ock has net ,observed de !ayed reac ti,ons such as urticaria and arthritis. 
The N. Y. S. D. H. collected Dl.ore than 140,000 ce. of convalescent serum for use 
during the recent epidemic. Though reports are not a.vailable for the results of treatment 
the administration of such Ii large amount of serum is ;enlightening.(286) Trle following 
figures were canpi1ed frem a study of 1227 cases with onsets since 7 .. 1 .. 31 •• 830 casas or 
65% received serum. 661 or 79.6jl received the serum in the preparalytic stage and 60% 
of the cases were diagnosed in this stage. In 771 cases in which tbe method of adminis~a-
tien was known 63% received serum by muscle, 56% by spine, 35% by vein and 5% subcutaneously, 
either solely by the methcd incidated or in combination with some other route. Thus we see 
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that even lin tin;e of an extensive epidemic when doctors are "politcmyelitis - minded" the 
c 1inic8.1 picture is not always district enough to allow of diagnosis in tlla prepara1ytic 
stage. Judging by the results of early use of serum in the Canadian epidemics we wou Id 
expect ab out 7070 of comflete ree overies. 
Young reporting the cute orne of 32 dases 19 \Of which received serum treatment divides 
them into 3 grcups with respect to manner of treatment and percentage of comf1ete recover-
ie8.(35) Group one,in which no serum was given with 30/0 complete recoveries. Gr(.lUp two, 
in which serum was given irrespective of a~ and stage of the disease with 68,.. complete 
reeoverias. Group threeJ" in which serum was given in the pl!'eparalytic stage with 91.570 
complete ree ovaries. This latter group compares favorably with the Canadian experience 
and shows the value of early use ot serum •. YOutlg notes 126 cases reJ;orted by Ayer treated 
with serum with 8 deaths and 93 or 74" complete recoveries. Of 46 cases seen in the first 
24 hours after onset 41 or 89% recovered with no paroi1ysis. 
Kramer gives a comparison of treated and untreated cases .in lIhass., 1927, 1928 and 
1930, and in Maine 1930.( 19) Convalesce nt serum wa.s!.used in the preparalytic stage an 
the Massachusetts epidemics. The repprt includes the percentage of various grades of 
mu se le damage. Case 
Fatality 
No 
Muscle 
Year Cases Deaths Hate Exam§. 'Iota 1 Good Fair POQr Trace Gone 
1927 A 11 cases 1189 166 13.9 
Mass. Untreated 1083 165 15.2 482 66.6 18.7 13.0 17.7 7.5 6.7 
Treated 106 1 0.9 106 19.0 8.6 4.2 4.7 0.9 0.6 
A. 
1928 All cases 431 62 14.4 
Mass. Untreated 297 55 18.5 99. 46.8 15.9 10.4 12.7 4.5 3.3 
Treated 116 7', 6.0 107 12.9 4.7 2.7 3.4 1.2 0.8 
1930 All cases 504 33 6.5 
Mass. Untreated 392 29 7.4 184 65.6 16.0 12.9 18.2 lOla 7.7 
75 0 Q 40 21.4 6.0 5.4 4.7 3.1 2.2 
1930 All cases 166 28 16.9 
l\i;aine Untreated 117 27 23.1 49 80.6 18 .2 16.5 20.2 13.2 12.5 
Treated 49 1 2.0 266 53.5 17.3 10.6 13.7 7.9 9.0 
A. tew case s in the Maine epidemiC were treateQ after the appe"ranee of paralysis 
which accounts for the relatively higher residual paralysis in the treated group than in 
the Massachusetts epidemic. These figures also suggest that those locations where polio-
myelitis has not been endemiC usually show a more seve.:re grade of the disease. than those 
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regions where there have been repeated epidemiGs. This is as we w'!uld expect according 
to the mode of immunization. Kramer states that although the results indicated in the 
above chart favor the continuation of convalescent serum therapy, he does not believe 
the series of cases to be large enough, nor well enough controlled to say that this ibm 
of therapy is definitely estab lished. He advise s caution in the evaluation of sugh re-
sults lest- the medical profession surrender to a false sense of security in the belief 
that we can look forward to some fairly definite ideas on such therapy when the results 
of the 5,000 ca.ses in the recent epidemic in New YDrk State are avaiilalie. There will 
always be conflacting reports frem treatment in epidemics depending on the. degree of 
immunity ·of the general population _in the region affected, the time when serum is adminis-
tared, the amount of serum administered and t he care with which serum of no 1- rotectiV8 
value is excluded fran the poo~ed samples. 
The following case records of poliomyelitis were :ebtained through the gener-
osity of Doctors A. G. Young and A. E. Bennett fran their office files. '£here are nQ 
cases of F.olionyelitie in the acute stage on record at the University Hospital. 
Case I. 
That of an adult in whan the possibility of contact infecti on must be consider-
ed. The patient is a white housewife, 35 years of age. The onset of illness was 10-15-30 
with the symptoms of nausea, headache, dizziness and diplopia. There was fever on the 
sec cnd day and again on the third day reaching 103P There was a remission and the patient 
was not seen by a doctor until 10-21-30, a week after onset. At this time the patient 
was afebrile. There were no object-ive signs of central nervrus system involvement but 
muscu lar tend erne SSe lumbar puncture was done and the spinal fluid reported negati .... 
The day after lumbar puncture pain was noted in the back and shoulders. This became 
wClrse and two days later weakness of the left am appeared. The patient rCllllained in bed 
and tW() weeks lateran getting up found that her left leg was weak and Qrag~--ed on walk-
ing. A physical and neurol,Ogical examination Oil 1-11-31 was negatiwe except for slight 
weakness of the left hand grip and lateral extensors of the elbow. It was noted that 
the-baby in the family had had a febrile conditi,On just prier to the onset of the 
mother's illness showing a good recovery without residual symptoms. 
Tbe subse&'iuent course of the case after seen by the doctor on 10-21-30 was as 
follews. Fatient ran a tem},:eraturo for 2 days ,Of mor-& thaD 1°. She vanited twice 
and then developed pain and soreness in the arms, then the neck, legs and back. The 
left Ell1IIr:became weak, the grip was poor and she could Dnly raise a teacup. 10-31 .. 30 
there VIas still muscle tenderness and pain. l.~- 2. - 31 the left.. arm and leg were still 
weak. The pain and soreness ,Of the muscles had ceased about three weeks after the lum-
bar puncture en 10-21 .. 30. 
1-11-31 Examinati 00 showed weakness d moderate amount of the lower extremities ill 
flexing the thigh on the abdanen. 'Lbe right thigh was one-half iUch greater in cir-
cUIIlference- than the left. Tbe ankle jerk was exaggerated. The d.iagnosis at this time 
was residual poliomyelitis. 
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5-19-31 Patient showed a tremor ot left ann when tired. The legs became spastic on 
walking and she tires easily. The leg muscles are sore and there is a suggestion ot 
atr,ophy of the lett foreamt and leg. 
With a history ot febrile condition in her baby and the appearance of the 
paralytic disease in the mother soon after contact infection probably accounts for the 
transmissicn here. We must 8,180 assume that the patient had not sutUcillnt exposure to 
the virus to build up immunity expected in an adult. The fact that a person of this 
type contracting the disease lessens the attractiveness of the maturation theory of 
immunity. 
This ease probably represents the Dranedary Type of the disease and though the 
appearance of the symptans after the renussion corresponds with the l'rocedure of the 
lumbar puncture which is thought by scme to tavor nervous system involvement. 1 believe 
that this represents the expected recrudesence of symptoms after the remission character-
istic of the Dranedary Type. 
------ ---_._------_ ...... --_.' 
Case II 
White, male child, a2 months age. ialked at 11 mo. Talks normally for age. At 
13 mo. in",SeI)tember '31 c cntracted pertussis and coughed all "inter. In March or April, 
1930 had measles and developed a running nose which l)ersisted tor a considerable time. 
Seen by doctor 8-10-31 and history obtained as tollows:- For past 2 mo. patient very 
irritable and cutting a molar tooth. Sunday P.M. 8-10-30 he vcmited. Same night he 
slept fi'tfully crying frequently. Has slight temperature. 140nday it was ncted that 
right eye did not close. Temperature in A.M. 100. 0 Tuesday - 8-1.2-30 temperature 103. 0 
Was taken t,o Methodist Hospital. 6-13-30 spinal puncture dIme. Fluidsh01led 45 cells -
lymphacytes. Examination shllwed III chronic mastcid right side with sc lerosis and slight 
breakdown of intercellular septa. liother stated child had had intermittent discharging 
ear since 6 weeks of age. This discharged when he had the measles. Physical showed 
I 
fo~t drop left side and some respiratory embarrassment. '1'emperature was 103. 0 Was given 
anti-spreptocoecus serum. Prognosis was not c cnsidered good. 8-16-30 entered paralytic 
st$.ge. Noted "Patient has been in stupor since second day after arrival. '£emperature 
I 
10,-104. 0 All- extremities have becme paralyzed. There was a white count cf 20,000 
with the febrile period. Thera was a suggestion ot balbar paralysis but this was not 
jlrpgl!edi>ve. 8-29-30 still slight temperature, right arm and leg cOll:pletely paralyzed. 
! 
10 ... 24-30 patient brought to office apparently recovered. No blood could be taken for 
the immune serum because cf the small size of the veins. 
I 
Since all four extremities were involved we may say that this probably represents 
an. ascending type of the disease. Foot drop alone on one side was noted first. Then all 
fOll%' extremities were knocked out and patient showed respiratcry embarrassment. Apparent-
! 
11 the anti-spreptoc oeci serum did not arrest the further development e:t the disease. 
If we are to be lieve the report of Amoss that this serum has no specific effect we must 
C 0l1c lude that the c ourso would not have progressed further without serum therapy or 
! 
agiin by 8. slight stretch of the imagination we might deCide that the antibodies which 
hatle been demonstrated in human cases by the 5th day had reached a coneentratiQll suffi-
I 
cirnt to halt the further progress. By the marked degree of recovery we might also 
copclude that the loss of funct.ion was perhaps due chiefly to the perineuronal edema 
an~ only partly to actual destruction of nerve cells. This ease is associated with 
I 
teething as described 200 years ago when it ~as called a debility of the extrdmities 
associated with teething and fQul bowels. However the only association is probably 
that of age of incidence and has nothing to do with teething. l'he presenca of only 
lymphacytea an the spinal fluid suggests that lUDlbar functure was probably dene about 
24-48 hours after the onset. The cell count of 45 falls below the figure set by 
Draper (100) be low which paralysis does not usually occur. 
61. 
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Case III 
White girl 6 years c! age. 8-21-30 patient was restleas, vCI!lited and developed 
8 headache and fever. There was a slight sore throat. Temperature was 102 ·pulse 130, 
reep_ 30. 8-22-30 developed an acute pain in R.L.Q. accompanied by tenderness. Temper-
ature 101.0 8-23-30 temperature 1000 and pain in .K.L.IJ.. still present. 8.24 .. 30 pain in 
right extremity Glim.inishing in intensity and then appeared in the calf muscles. A week 
prior to onset of acute pain stiffness had been noted when stockings were put on. This 
was worse on the right side. At time of onset of acute pain the latter was so severe 
as to prohibit haidling of the leg. When the pain diminished paralysis of the flexor 
of the thigh and foot drop was apparent. This was on 9-2-30. Mother also noted that toes 
doubled in when the right shoe was put on. 9-5-30 patient on office call found to be 
unable to dorsi-flex the foot on the leg right side. Exam 9-12-30 showed a lower moter 
neuron paralysis involving the right quadriceps, adductor brevis and tibi-peroneal 
muscles. There was also paresis of flexor of the right knee and also of the gluteal 
muscles. There was muscle tenderness cf the entire right extremity. There was !accid 
steppage gait with the right leg. Patient was immobilized in a casot and put to bed fDr 
6 weeks tc be followed by massage and electricity. 
This case represents the typical spinal type of poliomyelitis of mDoerate severity. 
We would expect the lesicns to involve small focal areas in the region of the lumbar 
enlargement with a moderately intense pathological picture of interstitial, pervascular 
and parenchymatous changes. lith the pronounced hyperesthesia appearing a week I-rior 
to onset of the acute illness the usual sa quence of events is followed. The invclvement 
of posterior root ganglia before the cerda 
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Case IV 
White bey 3 years of age. Developed policmyelitif/L early in September, 1930. 
The onset was acute with a meningitis reaction in the s:f.inal fluid - 140 cells. The 
ams were paralyzed and there was sane difficulty in swallowing for several days. At 
time of ofiice. call he had been up for a month.{ seen 10 ... 28-30) Examination at this time 
showed a slight defect, paralysis of the right am and faulty head posture. The scapu-
lar musc les showed improvement but the deltoid is not at all active. 
This case apparently represents bulbar and cervical enlargement involvement. 
The pronrunced meningeal reactic:n indicates the meningitic type of Polianyelitis. 
According to Draper's point of view of prognosis by cell count we w~ld expect this case 
to show only mild paralysis. He believes that counts under 100 usually do not develope 
paralysis and that those from 200-400 usually do. This case falls in between these two 
peints. 
Case V 
White giJ:l age 11 years. 9-14-30 p_atient turned right ankle while wearing high 
heels. 9-16-30 while going up stairs at school fell and struck bridge of nose GD a door 
with a resu.lting skin wound. She returned to class in an hour, went to lunch and CaIDe 
back tc school limfing ,on her right leg. 9-17-30 could not use the right leg ppoperly. 
It would giveS'll8.y and was fartially numb. She had a headache and vanited. She continued 
in school the rest ,of the week and the lirr;p became worrle. 9-20-30 patient received a 
massage by an os~eopath ever ~he involved limb and the face. 9-21-30 there was numbness 
of the face. poor articulation, dysphagia, and strangling and the leg was worse. Was 
taken to 1Lethodist Hespital 9-23-30. Lumbar Puncture showed normal pressure, lYlllPho-
aytes and twice normal amount of protein in the spinal fluid. Immediately after puncture 
collapse 1.with cyarosis and slight resfiratory embarrassment occurred necessitating a 
stimu late (cefrem) 15cc. of immune serum was given by systemal ,l-uncture and 200c. into 
the buttocks. Exam. at this time showed a bilateral facial palsy ,of the lowar motor 
neuron type, partial paralysis of the right shoulder girdle. deltoid, partial paralysis 
of the vagus invclving the pharynx and VDcal cords t partial paralysis of right quadrie,pes 
63. 
Case V 
and calf muscles, a less of the deep tendon reflexes, deep seated muscle tenderness in 
both legs, a febrile reaction of 100 0 and a white count of 15,900. 
This is the bulbar ty~e of poliomyelitis and isusually considered more severe 
than the other types with a greater mortality. TraUllla may have J;roducea a break in the 
continuity of the nasol - mucosa permitting the virus of polimyeUtisto pass through 
it and along the olfact.ory nerves tv the brain. The case is not purely bulbor as there 
is evidence of lumbar and cervical enlarg'Elment involvement in addition to the lesions 
of the bulb. Here apparently the acute stage lasted batwean 24 - 48 hours, as there was 
evidence Of beginning paralysis the day after injury. The fact that t.he Csteopathic 
massage made the a:tfecte:d leg worse and resulted in facial paralysis provides proof that 
massage in the- acute stage aggravates the paralysis. 
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D~:I a c, U S S ION 
The question as to how the virus of poliomyelitis reaches the central 
nervous system from the portal of entry,the nasopharYlu, is as yet debatable. 
Two possible routes of transmission have been indicated neither one of \'7hich 
probably explains the.mechanism in all cases.Though the virus has never been 
found in the spinal fluid of human caseF it has been found in the spinal fluid 
of mon~eys for a period of from 24-48 hours after intravenous injection of virus 
,the latter preceded by an intr~thecal injection of isotonic sodium chloride 
15-18 hours earlier.This was proved by the failure to produce the paralysis in 
monkeys if the above procedure was followed within 24-48 hours by spinal injectio~ 
of convalescent serum. In the human cases we have only the spinal fluid findings 
to suggest the presence of the virus. Since the virus probably enters the 
cerebro-spinal fluiE!: before the onset of pe,ralysis any model of transmission 
must trute that system into account. in its discussion. 
The first route to be considered is by way of the systemic circulation. 
The virus gets into the circulation from the mucosa of the nasouharynx and passe~ 
to the cord. The blood supply to the cord is greatest to the posterior root 
ganglia. anterior portions of the cord and the cervical and lumba~ enlargements. 
The virus passing by way of theblood stream to the cord would be most concen-
trated at the above locations. Thus the meninges show an inflammatory reaction 
first, the root ganglia next and then the anterior horn cells. This corresponds 
to the clinical picture and also to the experimental disease in monkeys fOllowi~ 
large intravenous doses of virus. In some of the monkeys the injection failed to 
produce the paralysis. Though it has beenprov.ed that the virus multipplies in 
the blood stream because of the above facts and ~e additional one that the 
cord enlargements are most frequentl~ involved in human cases it would seem 
that the ci~culatory distribution is a factor in the production of the cord 
lesions. It may be argued that those cases which fail to develope paralysis 
do not contain the virus in the blood stream in sufficient concentration to 
produce the paralytic stage. Any paralysis or paresis occurring in this manner 
is probably due to edema. If the inflammatory reaction results in rupture of 
capiLlaries the virus has access to the nerve cells and true paralysis may result 
By this route the virus may also pass through the choroid plexus into the 
cerebra-spinal fluid to the nerve cells. 
The other route of transmission is by way of the peripheral nerve a to theiy 
respective nuclei in the central nervous system. Thus following intra-nasal 
implantation of the virus in monkeys the virus has been traced along the 
olfactory nerves to the bulb. It has not been traced through the spinal fluid 
though it 1:s probably in thia manner that the virus is disseminated to the 
cord. Upon ingestion~~H,has been suggested. that the virus passes up the nerves 
to the cord. Being motor nerves we would expect the lesion to appear in the 
anterion horn cells and to be lo~alized unless the virus penetrated into the 
spinal fluid. Such transmission may account for the paralysis of single muscles 
or muscle groups noted in some cases. Since the tissues outsida the nervous 
system do not show the characteristic perivascular infiltration it has been 
suggested that the virus multiplies only in that environment, that these tissueS 
furnish something favorable to the growth of the virus. 
More work needs to be done on the histo-pathology of poliomyelitis 
before any definite conclusions as to the mode of spread to rervous tissues 
can be postulated. 
-'~ ---_. 
Q 0 N C L U S ION S 
lJ.- Poliomyelitis should be regarded primarily as an acute syetem±c infection 
subsequently involving the nervous system. 
2. Poliomyelitis CB.n be recognized in the pre-paralytic stage when serum 
therapy is most effica.cious. 
3. Convalescent serum has definite therapeutic va,lue in the prevention of 
paralyses if administered under proper conditioms. 
4. General adult imn:runi.W as evidenced by neutralization tests is due to 
exposure to the virus and not to maturation immunity. 
5. In the course of time general immunity will be built up in the population 
of the United States so that epidemics will become ~s frequent. This course 
of events has taken place to a great extent in Europe. 
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